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FOREWORD

* This Handbook provides general but utilitarian guidance for personnel of the
Army Materiel Command whose background and experience in cost analysis
and cost estimating are modest. As part of this guidance, a description of
the environment and the definitional framework for these activities is included.
The environment, procedures, and techniques involved in these activities are
provided. Inasmuch as the operational framework of cost analysis and cost
estimating are virtually one and the same, the cost estimating framework as
presented in this Handbook is applicable to both activities.

The sequence of treatment, therefore, follows logically through the chapters.
Thus, it is appropriate that the procedures and techniques be presented after
the environmental framework.

Cost analysis, as defined in this Handbook, is the basis upon which cost
estimating is performed. The discussion of cost analysis, therefore, precedes
cost estimating discussions.

The specific methods of accomplishing the cost estimating, referred to as
techniques, are explained first and are then followed by an appropriate ex-
planation of procedures: the series of steps, followed in a regular, definite
order, to accomplish an estimate. Subsequently, the application of the
cost estimating procedures in an example logically completes the sequence
before organizational implications are discussed.

The introductory chapter is designed to provide an overview for top manage-
ment and a general summation of the entire framework-analysis-estimating
sequence. Readers may, after studying Chapter 1, refer in detail to those
subsequent chapters of specific concern, but it is necessary that persons
involved in any single aspect of the sequence must be knowledgeable in the

V ,other aspects of the sequence. Hence, it is strongly recommended that users

of this Handbook study the contents of all chapters.
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Chapter I

INTRODUCTION

I-1 PURPOSE AND SCOPE

The purpose of this handbook is to provide guidance and instruction
for AMC cost analysis personnel who have modest eperience with the
subject of cost analysis and cost estimating and/or who may be unfami-
liar with the operations of the Army Materiel Command. To this end, it
provides a definitional framework for cost analysis and cost estimating
and a description of the organizational framework within which costs
are utilized. 1 1

It is expected that the users of this handbook will be primarily involved
In the Administrative-Decision Making Function within AMC, supplying
cost analyses and cost estimates for decisions related to organization,
equipment, maintenance, and deployment of Army forces. In this basic
decision making, total costs without reference to such details as time
phasing, economic escalation, or minor variations in product characteris-
tics are generally adequate. Once the basic decision is made, however,
the cost estimator shoulf be prepared to answer the next question, "How
much will this require in Fiscal Year (FY) xx?" and at some subsequent
point to compare the estimate with other estimates and actual cost reports.

While the personnel who are expected to utilize this handbook are strongly
oriented toward the Administrative-Decision Making Function, some of the
terminology associated with the Resource Administration Function is used
since these appropriation and contract terms and examples reflect the
environments in which background and reference data are found. It is
essential that cost analysts and cost estimators, at all levels and in all
functional areas, have a working knowledge in appropriations and contract-0 Ing as a guide to sources of data and to facilitate an understanding of the
cost information required and used.

In addition to this, the cost analyst must be aware of the processes
for translating ideas (or research) into production programs and opera-
tional capability. He must know the life cycle of the hardware (or support
system) being costed, the current position of the item in its life cycle,
and the role of his cost analysis or cost estimate in the life cycle cost.

The general time phasing of life cycle cost is presented in Exhibit I-1.
The three life cycle cost categories have been defined by the Office of
the Secretary of Defense (OSD) as:

I-i1



EXHIBIT I- I
TYPICAL TIME PHASING OF LIFE CYCLE COST
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I-i, Purpose and Scope

* "Research and Development - Cost primarily associated
with development of a new capability to the point where
it is ready for introduction into operational use. These
costs will include equipment (prototypes, test vehicles,
etc.) required in a development program to the extent
that such equipment is funded under the RDT&E appro-
priations. Related Military Construction appropriation
costs will also be included. Costs which appear in
the Military Personnel, Operation and Maintenance
and Procurement appropriations will be excluded from
this category.

" Investment- Costs required beyond the development
phase to introduce a new capability into operational
use. All Military Construction appropriation costs

( except those associated with development will be
included. RDT&E, Military Personnel and Operation
and Maintenance appropriation costs will be excluded.

* Operation - Recurring costs required to operate and
maintain the capability throughout its projected life
in operational use. Military Personnel, Operation
and Maintenance and recurring Procurement appro-
priation costs will be included in this category.
RDT&E and Military Construction appropriation costs
will be excluded " (Ref. I-I).

n Army appropriation terms these categories are identified as:

* Research and Development
Research, Development, Test and
Evaluation, Army (RDT&E)

* Investment
Procurement of Equipment and Missiles,
Army (PEMA)
Military Construction, Army (Mil Con)

9 Operations
Procurement of Equipment and Missiles,
Army (PEMA)
Operations and Maintenance, Army (OMA)
Military Personnel, Army (MPA)
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I-1, Purpose and Scope

In Exhibit I-1, To reflects the point in time when a project or piece of hard-
ware becomes a recognized entity; hence, costs begin to be charged to it.
TN reflects the phase out of the hardware or project item from the inventory.
This handbook addresses cost analyses and cost estimates to be performed
early in this life cycle at the time when major decisions must be made
relative to development of a program. The principal focus is on the procure-
ment (PEMA) implications of specific decisions.

The following section will serve to introduce the reader to the complex
subjects of cost analysis and cost estimating and to establish a frame of
referenc. for subsequent chapters.

1-2 COST ANALYSIS AND COST ESTIMATING

The Cost Analysis Activity has been authorized in Program Change Decision
A-6-008, subject "Army-Wide Cost Analysis Activity" (Ref. 1-2) with (
the objectives as quoted below:

"This PCP* addresses the subject of the current cost analy-
sis capability of the Army and the capability that is required
to provide the basis for more effective decision-making.
Cost analysis and the information system necessary to support
the analysis contribute to many aspects of the decision
process. The program described in this PCP describes the
analysis required to support estimated costs of development
and production of weapon systems, depot maintenance, life
cycle costs of weapon systems,cost of training personnel
and the cost of operating major force units in the field. In
short, this PCP has as its overall objectire providing resour-
ces to analyze all major costs that are directly related to (
organizing, equipping, maintaining and deploying Army
forces. With respect to the Army-Wide Cost Analysis Pro-
gram, the overall objective can be divided into several sub-
goals. The Army must have:

a. A comprehensive system for acquiring, storing, and
validating historical cost and economic data to form
the basis for cost analysis. This system must not
be limited to current and future data from contract-
tors but must also include data from internal histor-
ical records.

* Program Change Proposal, currently Program Change Request (PCR)
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1-2, Cost Analysis and Cost Estimating

b. Cost analysis definitions, procedures and methodology
that provide one of the bases for quality cost estimates.
Also required is a feed-back system that provides a
means of constantly improving the cost analysis tech-
niques..

c. A staff of competent full-time professional cost analysts
to estimate the costs of current and possible future
weapon systems and force units and relate these esti-
mates to the costs of similar past systems and units.
These analysts must be organizationally placed to
allow objective analysis and access to the decision-
making process.

d. The grade structure for the cost analysts that will
( allow the acquisition and retention of analysts with-

in the program in an economic environment that is
now,and is expected to be, highly competitive.

e. Through a,b,c, and d the capability to produce con-
sistent, accurate and timely estimates of the total
resource implications associated with major force
unit or weapon system o:7iented decisions." *

To describe the universe of cost analysis it is necessary to draw a
clear distinction between the technical processes of cost analysis
and cost estimating and the cost analysis activity or function, as
described above.

1-2-a The Cost Analysis and Cost Estimating Processes

This handbook establishes two clearly related, but distinctive processes:

* Cost Analysis- The process of review and evaluation of
cost data and the reduction of the complex cost data into
simpler and more basic expressions which may be used
for purposes of comparison, validation, or estimation.

0 Cost Estimating- The process of producing a statement of
approximate cost to be incurred in the conduct of an activity
such as a project, contract, period of time, etc.

*Note: (Underlining added).
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1-2, Cost Analysis and Cost Estimating

Basically, the cost analysis process involves the review, evaluation and
reduction of cost information obtained from any source such as contract
cost reports, cost proposals, cost estimates, etc. Included in this process
is the construction of cost estimating relationships (CERs). The cost
estimating process involves the production of a cost estimate utilizing the
data and CERs dertved in the cost analysis process and from other sources,
as necessary.

It is readily apparent that a cost task may include both cost analysis and
cost estimating processes, and, consequently, it is difficult to establish
the functional position of Cost Analyst or Cost Estimator. Commonly, the
current Job title of Cost Analyst identifies a person skilled in both processes.
However, throughout this handbook the titles Cost Analyst and Cost Estima-
tor will be used to identify the individual carrying out the particular process.

I-2-b Cost Functions

Organizations are generally structured to conform with the accomplishment
of a task or mi3sion and, thus, t;nd to become rather discipline-oriented in
the staff capacities such as accounting, budgeting, contracting, development,
procurement. To be effective management tools, cost analysis and cost
estimating should be recognized as technical skills which transcend these
disciplines and include considerations of goal and objectives in the broad
sense and engineering in the narrow sense. Likewise, most managerial
levels of decision making have direct effects on costs and are directly
affected by the cost analysis and cost estimating process.

For example, although a project manager (or his contracting personnel) may
not become directly involved in cost analysis and cost estimating, as
presented in this handbook, he: (

0 Determines (or passes on) the requirements to be written
into the contract.

* Has responsibility for negotiating the contract.

* Implements the discipline oriented reporting systems such
as cost, schedule, progress, and technical and utilizes
their outputs.

In his role as project manager, he must have i up-to-date knowledge of the
current project position and the near and lob, term status of project require-
ments. These managerial functions not only affect costs, but also make use
of detailed cost analysis and cost estimating as one vital part of the mana-
gement process.

1-6



1-2, Cost Analysis and Cost Estimating

Use of detailed cost analysis and cost estimating in project management
benefits the project and also improves the accuracy and validity of the
cost processes by their utilization in an environment where there is a
high degree of personal responsibility.

I-2-c Cost Information

Cost analyses and cost estimates are derived from basic information of
diverse natures. In this handbook we define cost information as any intelli-
gence which reflects or affects (1) the magnitude of an expenditure or
resources or (2) the credibility of a source document containing such intelli-
gence.

Cost information is categorized in four groups to facilitate the gathering,
analysis, and utilization of cost information:

1. Product Characteristics - This category includes the
complete description of the item. These descriptions
are further categorized as technical, physical, per-
formance, and mission characteristics.

2. Schedule - This category includes the quantity of items
and the production schedule. Typical production sched-
ule events are:

Production Release Dates
Delivery Dates
Production Line Position

3. Resource Expenditure - This category includes the input
resources or factors used to develop, test, produce, and/
or operate the item being considered. Included are such
"inputs" as labor, materials, and capital investment.
Common denominators usually are in terms of dollars or
manhours.

4. Cost Document Status - This category includes narrative
statements of the conditions under which the cost docu-
ment was prepared and the degree of fiscal responsibility
which was implied with the acceptance of the document.
For examnle, the execution of a cost plus fixed fee con-
tract by a contractor does not carry the same level of
fiscal responsibility as execution of a firm fixed price
contract, nor does an estimate made in a special study
carry the same level of fiscal responsibility as a con-
tract proposal.

1-7
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1-2, Cost Analysis and Cost Estimating

I-2-d Basic Aspects of Cost

The term "cost" can mean different things to different people, but in cost
estimating and cost analysis ,the definitions must be precise and uniformly
applied.

There are two basic aspects of costs which must be recognized and uni-
formly defined as a prerequisite for meaningful communication of analyses
and estimates. These are:

" Generic cost strata for defining the level at which the
task is being addressed.

* The bases for placing the costs in the context of
time.

Four generic strata utilized in the cost processes are shown in Exhibit 1-2. (
Within these generic strata there may exist substrata which are significant
for some applications in the cost processes. There are also special
aggregations above these strata, such as the sum of the total costs which
is the highest stratum. This total cost is normally documented in the
Project Management Master Plan (PM 2 P), and budget requests. Such a cost
is the summation of the subordinate cost estimates made in lower levels of
the strata. As a summation, many of the peculiarities of the item or project
will not be evident; therefore, both the cost estimate and the supporting
and subsequent cost analyses should be addressed at the lower strata.

In the Work Breakdown Structure (WBS) stratum, the total item is broken
out into its component elements or pieces which are considered significant
from the standpoint of the cost analysis or cost estimating task. This
Work Breakdown Structure may have as many as ten (10) levels of indenture
for some applications (one AMC Main Battle Tank Cost Estimating Task used
five (5) levels of indenture). Normally, AMC cost studies address no more
than the fifth level.

The Resource Category Structure stratum provides a segregation of costs
by the type of resources demanded, such as engineering labor, tooling
labor, manufacturing labor, manufacturing materials, overhead, and fee.
In the more gross cost estimates, an aggregate total is often used in this
stratum. It is necessary to be aware of these details, however, in order
to be sure of consistency at the higher strata.

1-8
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1-2, Cost Analysis and Cost Estimating

The application phase stratum identifies the repetitive nature of a particular
task. The most widely used approach to defining the stratum is the recurring/
non-recurring breakdown defined as follows:

0 Recurring Costs - Costs associated with the repetitive functions
performed to produce an operational item.

0 Non-Recurring Costs - Costs incurred for efforts of a one time
nature required to establish the configuration(s) or the facilities
and capabilities necessary to produce the operational item.

This approach addresses itself to defining costs of an additional useful unit.
Often, the counting of production units does not begin until after test items
have been produced on the assembly line and, as a result, learning associated
with these test items is not included in the cost analysis.

As the approach is currently used, the analyst must recognize the implication
of learning obtained from the production test items and compensate for it. This
leads to some inconsistency where comparisons are being made and where CERs
are being constructed.

A second closely related approach is sometimes used which separates costs
into design, development and start-up cost (referred to as non-variable*
in the remainder of this report) and pre-production and production unit costs
(referred to as variable * in the remainder of this report). This approach
addresses itself to accounting for all units which in anyway contribute to
learning.

These two approaches are closely related, sometimes resulting in confusion,
the-efore, the cost analysts and cost estimators should be alert to the fact
that the two approaches are different and that the data base is often quoted

in both terms (sometimes interchangeably). The distinction is important to
the cost analyst because the historical data are often found in one or the other
format and the analysis will not be accurate unless the precise meaning of the
data is clear. Likewise, the cost estimator should be aware of the distinc-
tion because he may be required to produce estimates in either format, depend-
ing upon the user's needs. For instance, for broad decision making purposes,
the recurring/non-recurring is often employed because the user of the data is
interested specifically in alternatives related to more or fewer operational items.
However, for detailed budgeting and contracting purposes, where a high degree
of accuracy is required, the second approach is more appropriate because it
can provide a better indication of the effect of learning.

* This should not be confused with the fixed and variable concept used in

accounting for application of resources. Thus accounting terms tend to be
related more to time and/or rate of production.

I-10
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1-2, Cost Analysis and Cost Estimating

The essential difference between these two approaches is the charging of
cost to and counting of units (both pre-production and production). The second
approach utilizes a very close accounting of all units which contribute to
learning or can provide resource expenditure information for cost analysis.
The recurring/non-recurring apprc3ch allocates pre-production and some
production units to non-recurring prior to the derivation of cost/quantity
relationships; thus,the count of production units is not as precise.

The number of production units allocated to non-recurring varies between
programs and even between analyses of the same program. This inconsis-
tency adds considerably to the uncertainty of cost relationships and can
result in major errors being induced into CERs due to lack of precision in
cost definitions in addition to the other uncontrollable sources of error.

Exhibit 1-3 illustrates the effect of such an allocation. The top line in this
exhibit is the production unit cost line which was used as the source of the
cost data. This curve had a cost at reference unit of 1 .0 and an average
learning curve slope of 80% (Wright Learning Curve Theory). Using these
data, two allocations of production units to non-recurring cost (three (3)
and ten (10) units) were made and the units to the non-recurring effort
changed the recurring cost at reference unit roughly 20% (from . 77 to . 62).
Such a variation in the allocation of units to non-recurring is not unusual
in aircraft and missile programs. The exhibit shows that the allocation to
non-recurring can mean significant differences in estimated costs all the way
out to the 1000 unit.

This distinction between these approaches is especially significant under the
following conditions:

* Derivation of reference unit costs utilizing data accumulated (7)

during the early production phase, that is, less than 1000 units.

* Cost estimating where a significant portion of the production is
allocated outside the recurring definition, either to test programs
or to other users.

0 In any detailed analysis of high cost, relatively low production
run iterns such as missiles and aircraft.

As shown in Exhibit 1-4, these two approaches are not inconsistent. The
recurring/non-recurring costs can be constructed out of an analysis utilizing
the other approach by allocation of test item (all pre-production and those
production items which are assigned to the test program) cost to the non-
recurring cost category and the remainder of the production unit costs to
the recurring cost category.

1-11
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1-2, Cost Analysis and Cost Estimating

Together, then, the summation of non-recurring and recurring costs can
provide inputs to an average unit cost of the operational units as is some-
times used in cost-effectiveness analyses.

Similarly, it is important to have cost definitions which facilitate their
identification in the context of time, since most cost records have an impli-
cit time phasing. For example, projects are funded in yearly increments;
obligations are incurred on another time basis; accounting records accumu-
late costs by accounting period, etc. At present, there are seven bases
for placing costs in the context of time. Each of these is significant
because the data available to a cost analyst may be quoted on any one of
these bases and the cost estimator may be required to present costs on any
of these bases. The major time phasing bases (See Section IV-4) are:

C Government Obligation Authority

* Contract Obligation Authority

" Government Applied Cost

" Contractor Applied Cost

* Government Disbursements

• Contractor Disbursements

" Delivery Cost

The first six of these bases have a time phasing which is different for
government and contractor. The seventh, delivery cost, which has been
developed for operational convenience in cost analysis and cost estimat-cing, has the same time phasing for both.

I-2-e Construction of a Cost Estimating Relationship (CER)

As an example of how these information categories function in cost work,
consider the derivation of a cost estimating relationship. Exhibit 1-5
presents, in a simplified flow, the derivation of basic cost numbers.

Beginning with the various reports shown in basic data in Exhibit 1-5, the
cost analyst reviews and evaluates the costs in a data reduction process,
shown as the computational regime in Exhibit 1-5, to develop relationships
of non-variable cost to time and of variable costs to quantity. There are
variable costs (materials, direct labor, etc.) for pre-production units
(prototypes, test models, etc.) as well as for production units.

The pre-production costs are further reduced so as to yield a statement of
each. The non-variable and variable pre-production costs are shown as K

nv
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1-2, Cost Analysis and Cost Estimating

and Kv1 * respectively, under product related cost. For the production
costs, a learning curve is fitted to the "unit cost versus quantity" plot
and the equivalent cost of a reference unit (shown as Kv2 in Exhibit I-4
is obtained. In Exhibit 1-4, C is a statement of the variable production
cost at any unit X.

These cost indicators are then associated with product characteristics of
the specific item to provide a single point used in developing cost estima-
ting relationships (CERs).

The above cost statements and product characteristics are obtained for a
number of analogous items by following the flow shown in Exhibit I-1 for
each item. Product characteristics which reflect the significant effects
on cost are then selected. Plots of "cost versus product characteristics"
are then developed for each of the non-variable costs, the variable (pre-
production) costs,and the variable (reference unit) production cost. A
curve is fitted to each of the plots and the equations of these fitted
curves are used as CERs to estimate costs of future items when their
product characteristics' values are know. (See Chapter III).

1-3 THE COST ESTIMATING SEQUENCE AND PERSPECTIVE

While the major portion of this handbook concerns itself with the conduct
of cost analyses and creation of cost estimates (such as the cost analysis
procedures and estimating techniques and procedures) it is important
initially to know the expected utilization of the end product and the en-
vironment within which cost information is generated and cost analyses
and cost estimates are utilized. Chapteril, which discusses the "Cost
Estimating Framework," is devoted to a description of this environment.

( Chapters III and IV outline the methods for conducting cost tasks and
present approaches to validation documentation and presentation of cost
analyses and cost estimates. These chapters introduce the concept of
working reports to back up the summary presentations for each process.

Chapter V follows the detailed discussion of technique with an identification
of the steps involved in accomplishing a cost estimate. It discusses the,
considerations in selecting the level of estimating detail and introduces the
concept of cost sensitivity analysis. It also presents the major events
in a cost estimating task.

*Note: The variable pre-production cost may be stated in a cost/quantity

relationship rather than as the total cost KvI .

I-16



1-3, The Cost Estimating Sequence and Perspective

Chapter VI identifies the many offices which have responsibility for gene-
ration of cost estimates and cost analyses and presents a discussion of
the organizational implications of the conduct ot cost analysis and cost
estimating in the AMC Comptroller/Director of Programs organization.

(
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Chapter II

ARMY MATERIEL COMMAND COST ESTIMATING FRAMEWORK

This chapter presents the framework within which cost estimates are accom-
plished and utilized. This framework is a closely interrelated and over-
lapping structure which has been separated into sequential flows as they
occur in the life of a typical project; first, in the case of a project which
encounters no difficulties and then indicating the possible effects of the
difficulties during a project. To facilitate this discussion two basic
functional areas within which cost estimates are utilized are introduced:

• Administrative-Decision Making Function

This function encompasses the internal DoD planning
activities. The highest order, formalized system in
this function area is the OSD Five Year Defense Program
(FYDP). Procurement of Equipment and Missiles, Army
(PEMA) Management Accounting and Reporting System
(PEMARS) (Ref II-1) identifies a function quite similar to
this as the "Army Program System."

* Resource Administration Function

This function encompasses the DoD activities which are
defined in law (or administrative regulations and practices).
They extend the budget request through the contracting
cycle and, subsequently, the expenditure of funds. PEMARS
identifies a function quite similar to this as the "Army
Control System."

Exhibit II-1 presents a sequential flow of cost estimates. This flow is
initiated in the rather ill defined area where someone has an idea for the
project. By drawing analogies from similar or related projects, he may
perform a very rough (gross parametric cost-effectiveness) analysis to
determine if the idea is worthy of further efforts. As these analyses pro-
gress through time and through the steps within the basic functions more
knowledge is gained about the project and more definitive cost estimates
can be made. Of particular interest in this flow is the relatively orderly
fall back existing at all levels except from program control. Here, conserva-
tive cost estimates, which have passed through the preceding chain, are
uncovered by indicated (or actual) overruns which could jeopardize the
entire program. The estimates presented in this flow are performed
by many staff offices.

11-1 1.
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II-l. ADMINISTRATIVE-DECISION MAKING FUNCTION

The Administrative-Decision Making Function is the least formalized of the
two functional areas. This lack of formality is simultaneously its greatest
asset and greatest difficulty. Its greatest asset is the freedom it allows in
structuring a cost estimate to address the specific problem. Its greatest
difficulty is that the burden is placed on the estimator to maintain the capa-
bility of translating from the structure used in the specific study to those
structures which will be utilized in subsequent steps. The importance of
maintaining this freedom in structuring has been recognized by the House
of Representatives in the comments on the proposed "Project PRIME":

"There are a number of pitfalls that can be foreseen with
respect to the proposed system (Project PRIME), not the
least of which is the flexibility of the program structure
which would necessarily follow. At present the program
structure, being independent of the budgeting and account-

(C ing system, can be altered or redirected as circumstance or
prudent management appears to require. Once such a pro-
gram system becomes legislative history in support of an
appropriation act it can be changed only by some further
legislative expression. (parentheses added) (Ref. 11-2)

Within this function the estimator is given the greatest freedom in the con-
duct of special studies. As the estimates address problems more closely
associated with the Resource Administration Function, the estimator becomes
more rigidly constrained by the structure of that function.

II-l-a Special Studies

Special studies may be originated at any level within DoD. Exhibit 11-2
presents a characteristic list of special study applications.

EXHIBIT 11- 2

COST ESTIMATING APPLICATIONS

PLANNING CONTRACTING

Feasibility Analysis Design Trade-Off Analysis
Worth Analysis Incentive Analysis
Alternative Analysis Incentive Evaluation
System Selection Analysis MISCELLANEOUS

BUDGETING Sales Pricing

Program Evaluation Economic Impact Studies
Proposal Evaluation Technical Impact Studies
Funding Studies
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I-1, Administrative-Decision Making Function

These special studies can be classified, on the basis of relative definitive
precision required (or provided) for a particular level of estimating, into
three strata of cost data, as follows:

0 Gross Parametric. Initial cost estimates, particularly those
made for the purpose of feasibility analyses, utilize gross
parametric cost engineering inputs based on preliminary
engineering calculations, sketches, and diagrams. Typi-
cally, these will consider broad concepts of power, out-
put, subsystem weights, volumes and associated perfor-
mance constraints. A working definition of gross parame-
tric estimate is the level useful only in order of magni-
tude estimates.

0 Semi-Definitive. The next level of cost estimate will en-
compass preliminary estimates, preliminary engineering
data and cost data on Government Furnished Equipment
(GFE). This level of estimating differs from the gross
parametric primarily in the level of detail available on
the system or item being costed. This level will con-
sider such configuration elements as electric power
generation plant, lighting system, heating system and
preliminary spare part estimates. A semi-definitive
estimate is relatively advanced, but one in which addi-
tional work is needed before contract provisions can be
written.

0 Definitive. These final estimates are compiled from firm-
priced bids, engineering drawings, spare parts lists, and
estimates on all supporting services and equipment. These
are the estimates upon which the final comparison and
decisions can be made and at which comparability and com-
patibility between cost estimates and actual performance can
be established with a high level of confidence. At this level
of analysis it is possible to write contract provisions.

For example, where these special studies are to be used as a basis for
initiating a Program Change Request (PCR) and may be incorporated into
the PCR as backup or substantiating material, a semi-definitive or a de-
finitive cost estimate should be performed. Similarly, for special studies
which are to be used to formulate a command position, a semi-definitive
or definitive cost estimate should be performed.

Assigning a cost estimate to one of these strata is essentially a subjective
judgment reflecting the level of confidence of the cost estimator in the data
used in the study.
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II-1, Administrative-Decision Making Function

The level of confidence in the estimate at each stratum will depend upon the
approach used to estimating the cost. The four approaches, described more
fully in Chapter III, Section 6, "Cost Estimating Techniques" are:

1. Statistical

2. Simple Analogue

3. Engineering

4. Expert Opinion

The statistical approach is generally most desirable, if a significant amount
of historical data can be obtained at the desired stratum of cost data. Typic-
ally, the statistical approach is used in the gross parametric and semi-de-
finitive strata. When sufficient data are not available, the simple analogue
approach is used here.

The engineering approach is most appropriate for the definitive strata. In
areas where it is not possible to use any of these three approaches, expert
opinion must be utilized in nny of the stratum.

The protocol for reviewing special studies is not specifically stated in any
set of rules or regulations. These coordination cycles are inferred by the
mission and function assignments and are established by practice or prece-
dent. The importance of the coordination (or review) cycle cannot be over-
emphasized, especially in matters whioh impinge on command positions or
policies.

II-I-b. Programming System

CThe DoD Programming System was established by the Office of the Secretary
of Defense in 1961 to provide a mechanism for analysis and decision-making
within the context of a "mission (or output)-oriented" structure.

The basic structure of the Programming System is the Five Year Defense
Program which comprises the following ten programs:
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II-1, Administrative-Decision Making Function

Program Program
Numbers

I Strategic Forces

II General Purpose Forces

III Intelligence and Communications

IV Airlift and Sealift

V Guard and Rescue Forces

VI Research and Development

VII Central Supply and Maintenance

VIII Training, Medical, and other
General Personnel Activities 4)

IX Administration and Associated
Activities

X Assistance
(Ref .11-3)

Typical "mission oriented" program elements, extracted from Program II,
General Purpose Forces, and Program VII, Central Supply and Maintenance,
are shown in Exhibit 11-3.

This structure,which falls within the Administrative-Decision Making Func-
tion, is a major management tool for the Secretary of Defense. It is within
this context that he presents his annual program to Congress. The presen-
tations within the Resource Administration Function, however, are made by
the Defense Comptroller.

As indicated in Exhibit II-1 there is a chronological evolution of estimates.
Exhibit 11-4 places this evolution in a general'context of time and associates
it with the project phases. Of particular interest in nis flow is the con-
tinuity provided by the FYDP which maintains a projection of the de-
fense posture and the project plans for four years beyond that contained in
the budget. While this flow is presented in the general context of time,no
specific calender can be implied, since the flow from FYDP into budget action
and execution may be iterated for a number of fiscal years before the pro-
ject advances to the next phase.

II-6
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PROGRAM II
GENERAL PURPOSE FORCES

ELEMENT ELEMENT
NUMBER PROGRAM ELEMENT NUMBER

2200 FORCES (ARMY) 7100
2210 COMBAT FORCES 7110
2211 DIVISIONS 7111 ]A
22111A ARMORED DIVISIONS 71112A
22112A MECHANIZEO DIVISIONS 71113A
2212 SEPARATE BRIGADES 7180
22121A ARMORED BRIGADES 71811A
2213 OTHER COMBAT UNITS 71896A
22131A ARMORED CAVALRY REGIMENTS 71897A
22132A MISSILE COMMANDS 71698A
2220 COMBAT SUPPORT FORCES 718 99A
2221 FIELD ARTILLERY BATTALIONS 7200
2221 ]A TARGET ACQUISITION BATTALLIONS 72011A

( 22213A HOWITZER BATTALIONS (8 INCH) 72012A
2222 AVIATION UNITS 72013A
22221A HELICOPTER COMPANIES(LI GHT) 72014A
2224 OTHER COMBAT SUPPORT 72015A
22241A COMBAT SUPPORT UNITS 72016A
22242A COMBAT ENGINEER BATTALIONS 72017A
2225 SS MISSILE BATTALIONS 72018A
22251A LANCE BATTALIONS 72019A
22252A SERGEANT BATTALIONS 72021A
2230 COMBAT SERVICES SUPPORT FORCES 72022A
22311A FIELD ARMY SUPPORT 72023A
22312A THEATRE ARMY SUPPORT 72024A
2300 OTHER SUPPORT (ARMY) 72025A
2310 EUR OPE 72028A
23196A BASE OPERATIONS 72029A
23197A TRAINING 72033A
23199A MILITARY FAMILY HOUSING 72034A
2360 OPERATIONAL SYSTEMS DEVELOPMENT 7800
23611A LITTLE JOHN 78011A
23612A HONEST JOHN 78012A

(REF 11-3)
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PROGRAM VII
CENTRAL SUPPLY AND MAINTENANCE

ELEMENT
NUMBER PROGRAM ELEMENT

7100 SUPPLY

7110 GENERAL SUPPORT

711 ]A SUPPLY DEPOTS/OPERATIONS
71112A INVENTORY CONTROL POINTS

71113A OTHER SUPPLY ACTIVITIES

7180 OTHER

71811A CHANGES IN WORKINGCAPITAL
71896A BASE OPERATIONS
71897A TRAINING
71898A COMMAND

71899A MILITARY FAMILY HOUSING
7200 MAINTENANCE AND SERVICE ACTIVITIES
72011A AERONAUTICAL MAINTENANCE ACTIVITIES
72012A REVENUES (AERONAUTICAL MAINTENANCE)
72013A ARSENALS
720 14A REVENUES (ARSENALS)
72015A ELECTRONIC AND COMM MAINT ACTIVITIES
72016A REVENUES (ELECTRONIC AND COMM MAINT ACTIVITIES)
72017A VEHICLE MAINTENANCE ACTIVITIES
7201 8A REVENUES (VEHICLE MAINTENANCE ACTIVITIES)
72019A OTHER MAINTENANCE ACTIVITIES
72021A REVENUES( OTHER MAINTENANCE ACTIVITIES)
72022A ARMY PICTORIAL CENTERS
72023A REVENUES (ARMY PICTORIAL CENTERS)
72024A PROVIN(. GROUNDS
72025A REVENUES (PROVING GROUNDS)
72028A SHIP MAINTENANCE ACTIVITIES
72029A REVENUES (SHIP MAINTENANCE ACTIVITIES)
72033A PRINTING PLANTS
72034A REVENUES (PRINTING PLANTS)
7800 OTHER
78011A INDUSTRIAL PREPAREDNESS
78012A LOGISTICS

EXHIBIT 11-3
TYPICAL FIVE YEAR DEFENSE PROGRAM

MISSION ,,ENTED ELEMENTS

"1-7



A

u

zC >
Cie W

IL I

I'I-
4o

u0

IL

11-



II-1, Administrative-Decision Making Function

Exhibit 11-4 indicates the origination of a Program Change Request (PCR)
from basic research (see Reference 11-4 for PCR details). This PCR
requests authority to place the project in the Five Year Defense Program
(FYDP) and proposes a specific level of funding (in current year dollars)
for the current year (CY), budget year (BY), program year (BY+l) and three
"out" years (BY+2;+3;+4). If this level of funding is adequate and there
is no reduction of the program, the next PCR action will occur when an
"approval for production" is requested.

This "approval for production" PCR proposes that the developed item be
placed in production status. It identifies specific quantities by year
for the current year plus five, indicates the PEMA, OMA, and MPA funding
and the reallocation of military and civilian personnel spaces, where
applicable. If this funding is adequate and there is no program redirection

C) no further PCR's will be required.

The subsequent discussion addresses the Programming System from the
viewpoint of actions which occur when a project's status is altered and
those which occur within the annual cyclic FYDP actions.

Exhibit 11-5 presents selected "On Occurrence" actions directly related to
the Programming System. The first, fourth (3A), and seventh (A) lines
present typical catalytic occurrences. The other lines summarize the
Administrative-Decision Making reactions.

Exhibit 11-6 presents a summary of the organizational actions and reactions
which occur in the Administrative-Decision Making/Resource Administration
cycle. Exhibit 11-7 places these actions into a general context of time., This
cycle is shown as a single sequence. A given execution year is also the
budgeting year for the next execution year, and the programming year for
the subsequent execution year. It should be noted that "On Occurrence"
actions have been excluded from this cycle since these can arise at any
point in time.
II- 1-c. System/Project Management

The System/Project Management procedures (Ref. 11-5, 11-6, 11-7)
formalize the requirements for the set of data which must be maintained
by the chartered System/Project Manager. This set of data is called the
Project Management Master Plan (PM 2 P). It is a compilation of individually
approved planning documents which place in context the plans, schedules,
costs, technical parameters and scope of the project. Thus, the pM2 p is
the focal point at which the current status of the program is brought together.
This procedure falls in both the Administrative-Decis.n Making and the
Resource Administration Functions.
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ACTION FLOW SECRETARY OF ARMY/OSD/ETC CHIEF OF STAFF. ARM'A

Requirements - force structure, time Analyzes National Security Pal

phased installation of equipment Notion Defense Posture, Army

new research and development. re- Position. etc.
directed R & D efforts Develops Army force structure,

and time phasing equipment
requirements.

Issues: Program obtectives for
installed equipment, and R & D,
Identifies items.

Accuisition plans - requirements ex Reviews
tended to include development plan,

2 backup units, support units, training
requirement, etc Plan for acquiring
stated requirements

Approval Approves

Directed PCR Directs formulation of PCR Reviews for reclama action, if
3o appropriate Forwards to cog.

nizant command

Programs - PCR only Reviews and forwards to

4 Sec Army.

Approval
Sec Army evaluates and forwards Evaluates effect on Army FYDP,
to OSD OSD evaluates. SECDEF evaluates for financial implica-
acts (Program Change Decision), tions and forwards to AMC

5 OSD incorporates into FYDP Sec
Army acknowledges, evaluates for

( reclama action, if appropriate, or
incorporates in Army FYDP

Evaluation Act~ons and events
observed at the operating level
'AMC/commodity commands) may
reveal changes in demand for
dollars, schedule changes, quan.

la tity imphcation of force structure
changes, etc Personnel at the
operating level can initiate
actions vhich result in changes
,n acquisition plans

LF



IEF OF STAFF. ARMY ARMY MATERIEL COMMAND SUBORDINATE COMMANDS FLOW

Cs National Security Policy, Review and abstracts portion, sends
Defense Posture, Army tnfo copy to command

on, etc.

ips Army force structure,
ne phasing equipment

iments.

Program objectives for
ed equipment, and R & D;
its items.

Reviews proposed acquisitime plan Prepares initizi proposed
for technical approach, schedule and acquisition plan, including
cost advanced procurement plan

Its Reviews for PCR requirement and may Ackrowledges, prepares
prepare PCR; if not, sends action copy PCR if required
to command If noPCR is required, sends
info copy to command and includes
i next update

s for reclama action, if Reviews and extracts for cognizant Reviews, prepares PCR, as
rote Forwards to cog. offices and commands. Prepares PCR, necessary, and adjusts programs.
command. if appropriate.

s and forwards to Reviews

Reviews - evaluates effect on program, Acknowledges

tes effect on Army FYDP; IF it effects budget on program year -
tes for financial implico- incorporates in budget. IF it effects

nd forwards to AMC current year and lacks fund citation, - -
IF NOT

THEN AMC THEN AMC adjusts
initiates con- AMC program to re-
tracting action lease funds, initiates

PCR and/or reprogram-
ming ac tion,as
necessary

IF evaluation reveals a significant change -n schedule, echnical charac.
teristics, quantities, funding requ-red, contractor's capabilities, and/or
support requirements, anrd remedial action is within AMC's resources
and thresholds - - -

IF NOT
THEN AMC has the option of THEN AM( will forward
initiating remedial action(informing comments to C,'S, A for
C,'S, A of the situation and action action and/ar
taken); forwarding comments to prepore a PCR.
C/S, A for action; or preparing a
PCR. _

EXHIBIT 11-5

"ON OCCURRENCE" ADMINISTRATIVE ACTIONS
~ 11-10



ACTION FUNCTION FLOW SECRETARY OF ARMY/OSD/ETC. CHIEF OF

Update Acquisition plan details Administrative Review-If updot

for Budget F iscal Year c a c rs c o

may revise requii

Budget Planning Administrative Prepares BY-pro

Update FYDP -add new year, Administrative Originates ground rules and Reviews for Arm)
adjust economic base, and schedules for program update forwards instrucl
clean up Budget Fiscal Year for preparation ol

Program Review Administrative OSD reviews and issues budget Reviews and con
guidance update and forw,

4 Army for signotur

C Budget Guidance Administrative Reviews for Arm)
forwards instruct
mands for prapom

6 Budgets Administrative Reviews, consolidates Reviews and con:

Update FYDP-to reflect Administrative Originates gound rules and Reviews for Arml
7 Presidential Budget schedules for program update. wards instructior

commands for pre

Program Review Administrative OSD reviews and ajusts as Reviews for Army
8 appropriate. This adjustment may dates FYDP upda

be in the form of a directed PCR* Sec. of Army for

Obligation Authority Resource Originates budget allocations Reviews and fore
10 Administration cognizant comma

Update FYDP-to reflect Administrative Originates ground rules, instructions, Reviews for Arml
ii Congressional Action and schedules for update, wards instruction

commands for pre

Program Review Administrative OSD reviews and adjusts as Reviews, consoli
appropriate. This adjustment and forwards to

12 may be in the form of a directed signature

PCR"

Contract Plan Resource
Administration

13

Contacting Authority Resourceot1o14 Administration q

*A directed PCR is an "On Occurence" action



D/ETC. CHIEF OF STAFF, ARMY ARMY MATERIEL COMMAND SUBORDINATE COMMANDS FLOW

Review-If update reveals a Reviews Updates acquisition plans for
significant change in technical budget year (BY)
characteristics or in schedule,
may revise requirements.

Prepares BY-program objectives Reviews, abstracts AMC priraW Reviews-estimates bujget
implications, adjusts command
program, prepares PCR and
comoland budget iristructions.

Reviews for Army impact and Reviews and extracts for cognizent Acknowledges
forwards instructions to commands offices and commends
for preparotion of data.

Reviews and consolidates FYDP Reviews, reprices in new current
update and forwards to Sec. of year dollars, prepares PCR, as
Army for signature. necessary, adjusts AMC Programs

within allowable thresholds and
adds one year to FYDP

Reviews for Army impact, Reviews and extracts for cognizant Acknowledges
forwards instructions to corn- offices and commands
mands for preparation of dote

Reviews and consolidates Prepares AMC budget and forwards
info copy to commands

Reviews for Army impact and for. Reviews and extracts for cognizant Acknowledges
wards instructions to AMC and offices, and commands
commands for preparation of data.

Reviews for Army position, consoli- Reviews and consolidates AMC Reviews and prepares PCR as
may dotes FYDP update, and forwards to position of FYDP necessary and adjusts programs

Sec. of Army for sitrature.

Reviews and forwards to Receives obligation authority, Acknowledges, reclamas wher
cognizant commands allocates it to commands and pro- appropriate, adjusts command

'ects, issues obligation authority program, where necessary and
_ to commands sets up FY Books.

lions, Reviews for Army impact and for. Reviews and extracts for copizent Acknowledges
wards instructions to AMC and offices, and commends
commands for preparation of data

Reviews, consolidates FYDP update, Reviews and consolidatesAMC Reviews, prepares PCR as
and forwards to Sec.of Army for FYDP position necessary, and adjusts command

d signature. programs.

Reviews Prepares contract plan containing
contracting method, RFP, proposal
evaluation plan, source selection
criteria, draft contract and
specifications.

Acknowledges and implements
contract plan

EXHIBIT 11-6
ADMINISTRATION-DECISION MAKING/RESOURCE

ADMINISTRATION CYCLICAL ACTIONS
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11-2 RESOURCE ADMINISTRATION FUNCTION

The Resource Administration Function is concerned with the translation of
the plans and decisions reached in the Administrative-Decision Making
Function into funded programs and, subsequently, into accomplished fact.

The structure utilized in the Resource Administration Function is dictated
by the necessity for complete accountability from the request for obli-
gation authority through contracting, delivery of the items and expenditure
of funds. Within this function, the total Army demand for an item to be
funded in the budget year is consolidated into a single budget line item
for Justification and subsequent management of the acquisition. PEMARS
(Ref II-1) is the principal designated Army system for acco.-nplishing this
Resource Administration Function.

11-2 -a. Budgeting.

The first step in the Resource Administration phase is the budget. The
(- importance of the budgeting function is emphasized by the following:

"Budgeting is essentially a decision-demanding process.
Therefore, at each echelon performing a budget function,
the budget must be reviewed by the commander or officers
in charge prior to submission ..... to insure that the request
actually represents the decision he has made on the program
and budget issues involved." (underlining added) (Ref.II-8)

Entry into the budget is one of the most significant steps in the life cycle
of a project or commodity; hence, the budget review is most stringent.
As illustrated in Exhibit 11-8, a budget line item may face as many as
seven detailed reviews. This flow starts at the commodity command level
and extends through both Houses of Congress. In each of these reviews
the cost, qualitative characteristics, and the quantitative requirements
may be questioned.

Once the funds have been appropriated by Congress, the project may face
an additional round of Justification during the apportionment process. This
may be a rather straight forward process of restating past Justification.
However, this may take the form of a full scale formal rejustification of the
item, particularly where across the board budget cuts have been imposed.
The cost analysts and estimators must be able to go back into the original
estimates made for budgeting purposes and make direct meaningful adjust-
ments before the project can get underway. These adjustments must be
carefully documented arid supported, for they will form a significant piece
of historical data for future cost analysis and cost estimates.
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11-2, Resource Administration Function

11-2-b. Independent Government Cost Estimate

The Independent Government Cost Estimate has been implemented by AMC
on "all procurement actions wherein the dollar value is expected to exceed one
million" (Ref.II-9 and II-10). This detailed estimate should be the most
accurate estimate made prior to contract cost analysis (see following para-
graph) and should provide a solid basis for that cost analysis.

In addition to supporting a specific procurement action, the data file
substantiating this estimate should provide an excellent basis for estima-
tion of the follow on year buys, thus providing a correction factor or valida-
tion point for the estimates currently in print or subsequently developed.

II-2-c. Contract Price/Cost Analysis

( Upon receipt of a bid or proposal in a negotiated procurement action, the
Armed Services Procurement Regulation (ASPR) requires that some form of
price or cost analysis be performed. ASPR (Ref. II-11) defines these two
analyses as follows:

0 "Price Analysis. Price analysis is the process of examining
and evaluating a prospective price without evaluation of the
separate cost elements and proposed profit of the individual
prospective supplier whose price is being evaluated."

* "Cost Analysis. Cost analysis is the review and evaluation
of a contractor's cost or pricing data and of the judgmental
factors applied in projecting from the data to the estimated
costs, in order to form an opinion on the degree to which
the contractor's proposed cost represent what performance
of the contract should cost, assuming reasonable economy
and efficiency."

Prior cost analyses and cost studies, and those accomplished in analogous
programs, should facilitate these analyses.

11-2 -d. Program Control

The most detailed and stringent cost estimating and cost analysis tasks
are those for purposes of program or project control. These cost estimates
and cost analyses are accomplished at the level where the maximum amount
of detail is available. Also at this level the errors which occurred through
all the previous reviews are finally detected, normally, in terms of contract
overruns.
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11-2, Resource Administration Function

These cost analyses and cost estimates, being accomplished from actual
contract data sources, can form the most accurate input to the cost data
base.

11-3. ARMY MATERIEL COMMAND ORGANIZATIONAL STRUCTURE

The Army Materiel Crommand comprises eight major subordinate commands
(seven of which are commodity commands) and 32 separate installations and
activities. The separate installations and activities support Headquarters,
AMC, as well as the major AMC subordinate commands. For example:

0 The Major Item Data Agency is the AMC focal point for
the " .... asset files reflecting worldwide status of
reparable items•., and provides... gross requirements
and related backup data to the Commanding General, AMC
... and/or the appropriate major commands..." (Ref.II- 12)

* Similarly, the Army Materiel System Analysis Center,
(AMSAC), was established at the U.S. Army Ballistic
Research Laboratories" ... to perform ... independent
and effective systems analysis, particulary involving
inputs or proposals from more than one commodity area
and dealing with major systems or items." (Ref.II-13)

Organizations such as the AMSAC have a continuing requirement for cost
estimates, particularly of the "special study" category. The more detailed
estimates are normally performed at Headquarters, AMC, or the major
subordinate command level.

Cost analyses and cost estimates at the Headquarters and major subordinate
command level are accomplished by the Comptroller/Director of Programs,
the Director of Development, the Director of Procurement and Production
and/or the Project Managers, as appropriate. The division of responsibility
among these organizations, as in any large organization, is not always
readily delineated in the general sense because of necessarily overlapping
involvements in general functions. For example, a project manager must
estimate his requirements for funds based on established objectives as an
integral part of his managerial function; hence, he must prepare a cost
estimate. Concurrently,the Cost Analysis Branch may be estimating similar
requirements for the same project in response to a cost estimating task
performed for a special study which is looking at alternative objectives.
While the division of responsibility at this wider, more general level is not
sharply delineated, the responsibility for the specific actions are more
readily apparent. Organizational implications are the subject of Chapter VI
of the Handbook. A typical sequence of estimates and the organizational
responsibilities are shown in Exhibit 11-9.
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11-3, Army Materiel Command Organizational Structure

The feasibility analyses are conducted by special activities such as
AMSAC or possibly as a part of a funded research project. Based on the
results of the analyses, the cognizant Director of Development prepares
the initial PCR to establish the project in Exploratory Development and
staffs it through the Comptroller/Director of Programs and, following
approval, repeats the process as a budget item. At some subsequent
time a Project Manager may be chartered, introducing a third member to this
cost estimating/coordination cycle. (Ref. 11-7). The PCR requesting "approval
for Production" can be a joint effort of the four major subordinate command
offices with assistance from the special activities such as AMSAC or the
Major Item Data Agency as required. Subsequently, the Director of Develop-
ment is no longer involved and the other offices continue the cycles.

*1 -( In equipment procurement, the Army practices (1) centralized commodity
procurement and management and (2) projectized management. These two
are, to some extent, conflicting practices. For example, Exhibit II-10
presents a summary of AMC Subcommand responsibilities (Ref. 11-14).

Superimposed upon this commodity responsibility assignment are the project
managers, chartered in accordance with "Research and Development-
System/Project Management" Army Regulation 70-17 and its derivations
(Ref. 11-5 and II-") who are organizationally distributed as shown in Exhibit
II-11. (Ref. 11-4)

Within this project/commodity structure, the project manager has theresponsibility for funding and managing the project while commodity commands

have responsibility for development and procurement of the component items
assigned to them. Thus, a commodity command may receive requirements for
an item from more than one source, that is more than one project manager,
in addition to the more routine demands of the item over which it has direct
control.

An example of this interrelationship is the Main Battle Tank Project which
is a Headcparters, AMC project. However, actual development, procurement
and assembly is to be accomplished by the major subcommands. As shown
in Exhibit 11-12 it is necessary to go down as low as the fifth level to assign
the major subcommand responsibilities, and one of the fifth level WB, ele-
ments, Shillelagh Guided Missile, is a project chartered under the same
regulations as the Main Battle Tank. (Ref. 11-15)
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EXHIBIT 11-10
COMMAND RESPONSIBILITIES

U.S. ARMY AVIATION MATERIEL COMMAND (AVCOM)

Intsgrated commodity management of aeronautical and air delivery equipment and
of test equipment that is a part of, or used with assigned materiel. Basic and
applied research concerning .i -igned materiel development.

U.S. ARMY ELECTROICS CO"MNO(. ,Aj

Integrated commodity management of communications equipment, communications-
electronics Intelligence equipment, electronic warfare, aviatior electronics, combat
surveillance, target acquisitlon and night vision equipment. photographic and micro-
filming, identification-friend or foe systems; automatic data processing, radar (ex-
cluding that used in fire control and fire coordination of air defense systems assigned
to another command fo, management). Meteorological, and electronic radiological
detection materiel; assigned batteries and electric power generation equipment:
determine vulnerability of army missiles and communications electronic equipment
and systems to electronic countermeasures (ECM) and determine requirements for
ECM subsystems and techniques to increase Army missile system effectiveness;
and test equipment which is a part of. or usea with. assigned materiel, and electronic
parts and materials common to electronic materiel throughout the Army. Basic and
applied research concerning assigned materiel development.

U.S ARMY MISSILE COMMAND(MICOM)

Integrated commodity management of free rockets, guided missiles, ballistic missiles,
target missiles, air defense missile fire coordination equipment, related special
purpose and multisystem test equipment and test equipment which is a part of, or
used with, assigned materiel, missile launching and ground support equipment,
missile fire c(.'ntrol equipment, and other associated equipment. Basic and applied
research concerning assigned materiel development.

U.S. ARMY TANK-AUTOMOTIVE COMMAIID (ATAC)

Integrated commodity management of, tactical wheeled and general purpose vehicles
and test equipment which is a part of, or used with, assigned materiel. Basic and
applied research concerning assigned materiel development.

U.S. ARMY MOBILITY EQUIPMENT COMMAND (MECOM)

Integrated commodity management of surface transportation equipment (other than
tactical wheeled and general purpose vehicles); mapping and geodosy equipment
for the field armies; assigned electric power generation equipment; construction
and services equipment; barrier equipment (including mine warfare and demolitions
equipment); bridging and steam-crossing equipment; petroleum handling and dispensing
equipment; general support equipment and supplies (fire fighting, Industrial engines,
heating and air conditioning, water purification, materials handling, etc.); test
equipment that is a part of, or used with, assigned materiel. Basic and applied
research concerning atsIgned materiel development.

U.S. ARMY MUNITIONS COIMAND (MUCOIA) (
Integrated commodity management of nuclear and nonnuclear ammunition; rocket
and missile warhead sections:demolition munitions, mines, bombs, grenades. pyrotechnics,
boosters, JATO's and gas generators; offensive and defensive chemical and biolo-
gical materiel; radiological materiel; propellant actuated device;, test equipment
that is a part of, or used with, assigned materiel; clips, links, and factory loaded
magazines for nonnuclear ammunition; and related components and equipment. Basic
uid applied research concerning assigned materiel development.

U.S ARMY WEAPONS COMMAND (WECOM)
Integrated commodity management of weapons, including artillary weapons, crew
served weapons, and aircraft weapon systems, combat vehicles; fire control
equipment (excluding that integral to missile systems and air defense fiWe coordina-
tion systems): common-type tools and common-type tool and shop sets (excluding
DSA and GSA items), and test equipment that is a part of. or used with, assigned
materiel. Basic and applied cesearch concerning assigned materiel development.

U.S. ARMY TEST & EVALUATION COMMAND (TECOM) *

Engineering (except aircraft performance, stability and control) and service tests
and evaluations; support engineer design, production, and post production tests.
and participation in troop test planning.

TECOM does not have commodity managiement responsibility, hence .is not a
commodity command.
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11-3, Army Materiel Command Organizational Structure

Thus, a major subcommand could find, for example, that it is a procuring
organization for a budget line item and at the same time procuring the
same item in support of a project. Budgeting and cost analysis may be
similarly divided.

Exhibit 11-13 presents a general computational flow, from the Joint Strategic
Objectives Plan (JSOP) through the determination of the PEMA budget re-
quest. The computational flow originates out of the JSOP which is treated
here as an inviolable objective, as it normally is. However, special
circumstances, such as a production slippage or an excessive Total
Obligational Authority requirements may require a re-analysis of the JSOP.

The JSOP is taken by the Major Item Data Agency and expanded into its
fiscal year procurement implications using data files acquired from the
cognizant agencies. The resultant procurement projections are reviewed

C by the commodity commands and higher headquarters. Where necessary,
the computations are to be iterated.

At this point AMC furnishes cost estimates for the procurement projections.
Thus, the cost estimates may be directly affected by the JSOP from which
the objective is translated into materiel requirements. General materiel
requirements are developed at higher headquarters, sometimes by direct
statement but more often by implication, while specific itemized materiel
requirements are provided by AMC or its subordinate commands.

11-4 CODING STRUCTURE INTERFACES

Coding structure interfaces exist in two dimensions:

. Between discipline-oriented applications

The term "discipline-oriented" as used herein refers to
such "disciplines" as scheduling, program control,
engineering, quality assurance, test and evaluation,
and accounting.

* Between the cost strata

Between the four basic strata (1) total cost, (2) work break-
down structure, (3) resource category structure and (4)
application phase structure presented in section I-2-d.

These two interfaces are discussed below.
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11-4, Coding Structure Interfaces

II-4-a. Discipline-Oriented Applications

There ip an effort within the Department of Defense to develop a Uniform
Work Breakdown Structure for Defense Materiel Items. (Ref. 11-16
and 11- 17)

The objectives of this effort are:

...... to provide a consistent framework for developing,
coordinating, and reporting management responsibility
assignments, engineering actions, resource allocation,
procurement actions, cost estimates and cost reports
throughout the development and production of defense
materiel items. Included in this overall objective are
the subsidiary objectives to:

A. Unify management techniques which employ or
which require information derived from a family-tree
type of breakdown.

B. Facilitate technical, programming, and cost comparisons
and analyses within a defense materiel item and among
several defense materiel items.

C. Provide a guideline for organizational planning of
the acquisition of a defense materiel item by the
responsible DoD component and their contractors ."
(Ref !1-16)

The current Department of Defense WBS effort is in the formulative
stages and when implemented can facilitate improvement in the data base by
bringing the existing diversified discipline-oriented applications together
below the total contract level. The cost analyst must understand the capa-
bilities and limitations of these discipline-oriented applications which will
remain the principle data sources. The WBS provides the capability of
relating these sources at a point which reflects a realistic interface/grouping.
For example, in a piece of equipment, the characteristics of a defense
must be determined within the discipline-oriented system which is struc-
tured to interface cost information systems at some specified WBS level.
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II-4-a. Discipline-Oriented Applications

There is an effort within the Department of Defense to develop a Uniform
Work Breakdown Structure for Defense Materiel Items. (Ref. 11-16
and 11- 17)

The objectives of this effort are:

" .... to provide a consistent framework for developing,
coordinating, and reporting management responsibility
assignments, engineering actions, resource allocation,
procurement actions, cost estimates and cost reports
throughout the development and production of defense
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and analyses within a defense materiel item and among
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C. Provide a guideline for organizational planning of
the acquisition of a defense materiel item by the
responsible DoD component and their contractors ."
(Ref 11-16)

(The current Department of Defense WBS effort is in the formulative
stages and when implemented can facilitate improvement in the data base by
bringing the existing diversified discipline-oriented applications together
below the total contract level. The cost analyst must understand the capa-
bilities and limitations of these discipline-oriented applications which will
remain the principle data sources. The WBS provides the capability of
relating these sources at a point which reflects a realistic interface/grouping,
For example, in a piece of equipment, the characteristics.of a defense
must be determined within the discipline-oriented system which is struc-
tured to interface cost information systems at some specified WBS level.
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activities begin to move from the Administrative-iLecis, ,n Making Functior.

to the Resource Administration Function, where initiation of funds or fiscal
year of funding becomes increasingly important. The specific budgets for
prior years and current years and the proposed budget for the coming year
are separated from the programming years.

Prior and current year funding have been passed to the commands having
obligating authority such as AMC and its subordinate commands. Based
on this authority and prior to initiating a procurement, the obligating
organization prepares an Independent Government Cost Estimate (Ref.11-9
and 11-10) which in turn is used in contract price and cost analyses.

After award of a contract the contractor is required to report technical and
schedule data and may be required to report cost or financial data. The
better known cost reporting system is the "Cost Information Reports"
(Ref .11-19 and 11-20) which has been authorized for aircraft, missile,
and space systems and is currently being considered for expansion to
electronics, surface vehicles, and ship systems. Exhibit 11-15 presents
a form typical of the four completed for each designated WBS element.
Of particular interest in the description of coding systems are the WBS and
the functional categories which provide the basic building blocks for
the most detailed estimate. At present there is no official coding system
for this level of detail; however, any discussion of coding systems which
overlooks this level should be revised.

Exhibit I-1b presents a summary of the major coding structure interfaces.
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Chapter III

PROCEDURE FOR COST ANALYSIS

This handbook draws a clear distinction between the processes of cost
analysis and cost estimating.

The process of cost analysis is the review, evaluation, and reduction of
cost information presented in any cost document. Cost estimating is the
use of cost information to approximate a cost to be incurred. In this context,
the development of Cost Estimating Relationships (CERs) is a cost analysis
task while the use of CERs to approximate or predict a cost is a cost
estimating task. Thus, the difference between a cost analyst and a cost
estimator is indicated by a comparison of their responsibilities:

* The cost analyst is responsible for:

Obtaining raw cost information from any source,
such as contract cost reports, cost proposals, cost
estimates specifications, schedule reports, test
reports, etc.

- Reviewing and evaluating the cost information.

- Reducing cost data into usable aggregates.

- Establishing documenting and maintaining the cost
data base.

- Constructing and documenting cost estimating relation-
ships.

* The cost estimator is responsible for:

- Determining the content of the CERs as a record of
history to ascertain their applicability for projection
of that history to the specific estimating task at hand.

- Assembling the set of CERs to be used in the cost
estimate.

- Supplementing the CERs with projections, expert
opinions, etc., which will make them reflect the
products and time frame set forth in the cost task.

- Preparing and documenting the technical cost estimate.
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Providing support In compilation of the conrlitioned
estimate.

A cost task may include both the cost analysis and cost estimating processes;
thus, a clear distinction cannot be established for the positions of cost
analyst and cost estimator. The current positional title, Cost Analyst,
identifies a person skilled in both processes; however, this h&ndbook will
utilize the two titles, Cost Analyst and Cost Estimator, to signify association
with the process.

While it is necessary to possess good "materials" (data, techniques, and
procedures) fo. the production of a sound cost "product," the personnel in-
volved in cost work must also possess a clear understanding of:

a The stated and implied purposes of the estimate and peripheral
ramifications.

* The organizational and decision making environment in which
the estimate is to be used.

0 The technical characteristics of the item(s), its (their)
history and the history of related items.

* The contracting environment in which the items have existed
and are expected to exist in the time frame of the estimate.

* The capabilities and limitations of the cost estimating data,
techniques, and procedures which are available.

This level of comprehension of the cost material is the mark of a good cost
analyst/estimator.

This chapter discusses the process of cost analysis and the closely allied
subject of acquisition of cost information. The process of cost estimating
is introduced to the extent necessary for a discussion of CER construction.

III-1 COST INFORMATION DEFINITION

Cost information can be defined broadly as any intelligence which affects
the magnitude of an expenditure of resources or the credibility of a source
document containing such intelligence. Cost information can be separated
into four categories--three quantitative and one qualitative. In that order
the categories are as follows:
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111-1, Cost Information Definition

0 Product Characteristics - This category includes the complete
description of the iteii., It can generally be broken down into
four groups:

- Physical Characteristics - Typical of this group are
weight, volume, materials, a description of component
parts, etc. The Project (or Contract) Work Breakdown
Structure oftet, identifies the relationship among phy-
sical characteristics.

- Technical Characteristics - Typical of this group are
descriptions of the state-of-the-art, manufacturing
tolerancc and conditions, etc.

- Performance Characteristics - Typical of this group
are speeds, range, accuracies, power input and
output, etc., Exhibit III-i presents typical per-
formance characteristics for a radar system.

- Mission Characteristics - Typical of this group are
the peacetime operational and combat employment
concepts, readiness states, etc.

* Schedule - This category includes the quantity of Items and the
production schedule. In analysis and estimates conducted in
the Army Materiel Command the following data at or above the
third level of the Work Breakdown Structure WBS (Ref. III-1)
will be sufficient:

Production Release Date
Delivery Dates
Production Line Position
Lot Quantities

* Resource Expenditure - This category includes the economic or
resource inputs such as labor, materials, and capital investment
to develop, test, produce and/or operate the item. This data is
normally quoted in terms of dollazs or manhours.

* Cost Document Status - This category includes narrative state-
ments of the conditions under which the cost document was pre-
pared and the degree of fiscal responsibility which was implied
with the acceptance of the document. For example, the execu-
tion of a cost plus fixed fee contract by a contractor does not
carry the same level of fiscal responsibility as execution of a
firm fixed price contract, nor does an estimate made in a special
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EXHIBIT 111.1

TYPICAL PERFORMANCE CHARACTERISTICS

RADAR SYSTEM

CHARACTERISTICS UNITS

1. Number of Channels Number

2. Carrier Frequency (Primary) Hertz

3. Bond Width -A Hertz

4. Rcnge Miles

5. Input Power Kilowatts

6. Output Power Kilowatts

7. Range Error Yards

8. Bearing Accuracy Degrees

9. Elevation Error Degrees

10. Pulse Repetition Frequency Pulses per Second

11. Reliability Percent

12. Detection Threshold Equivalent Target Area at-yds

13. Antenna Gain Decibels

14. Antenna or Tracking Speed Degrees/Second

15. System Gain Decibels

16. Display Method Specific Notations

17. Resolution Equivalent Yord

18. Field of View Degrees
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111-1, Cost Information Definition

study carry the same fiscal responsibility as a proposal for
a contract, etc. Included are narrative statements address-
ing such subjects as these:

- The purpose for which the preparer intended
the cost docun'ent.

- The environment in which the cost document
was prepared.

- The stated and implied ground rules for preparation,

- The developmental status of the items being
costed.

- The characteristics of the data base used
in preparation.

- The status of the product characteristics
at time of preparation.

- The time allowed for preparation of the cost
document.

111-2 ACQUISITION OF COST INFORMATION

This section addresses the acquisition of cost information and discusses
the major credibility characteristics of selected sources. Exhibit 111-2
lists the major types of cost information documents and their normal origi-
nator. The initial point of contact for obtaining these information documents
is the contract technical officer. The Army Publications System, Defense
Documentation Center, Defense Logistics Studies Information Exchange, etc.,
are secondary sources.

The itemization under each information category generally reflects:

* Availability to the cost analyst. (The first being more
generally available).

* Availability in the life of a project. (The first being the
earliest in the project).

* Level of detail and comprehensiveness. (The first being
the least detailed).
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EXHIBIT 111.2

COST INFORMATION DOCUMENTS

ORIGINATOR

Industry Government
PRODUCT CHARACTERISTICS

Estimates
Operational Requirements X
Technical Development Plan X
Procurement Request x
Performance Specifications X X
Detailed Specifications X X

Actuals

Test Results X X
Technical Manuals X X

SCHEDULE

Estimates
Operational Requirements X
Technical Development Plan X
Procurement Request X
Bid X
Project Managers Reports X X

Actuals

Acceptance Document x
Contractor Reports X
Project Managers Reports X X

RESOURCE EXPENDITURE

Estimates
Special Study X X
Proposal

Administrative-Decision Making X
Budgeting X
Procurement Requwst X
Bid to Accom'.i X
Audit Reports X

Actuals

Audit Reports X
Project Managers Reports X
Cost Information Reports X
Accounting Reports X
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111-2, Acquisition of Cost Information

The credibility of the information tends to flow in the reverse-- the
historical records being the most accurate recording of the accomplish-
ments. This list forms a general order of precedence in selection of data;
however, such an order of precedence must be tempered by the knowledge
of specific capabilities of each source. For example, one command may
have developed its cost analysis/cost estimating capability to the point
where its special studies are more credible than another command's budget
request. Or, one contractor's cost estimate may be much more realistic
than another's. These special qualities arL dynamic and can be determined
only through continuous monitoring.

III-2-a. Product Characteristics

The principal sources of product characteristics are the government project,
technical, and procurement files. From the project and technical files one
may obtain information regarding the desires of the government. The pro-
curement files can provide tle specifications included in the Procurement
Request (Request for Proposal (RFP), Invitation for Bid (IFB), etc.).

Performance and detailed specifications may be produced by either the
government or industry. In projects coming within the scope of DoD
Directive 3200.9 "Initiation of Engineering and Operational Systems
Development", (Ref. 111-2) the performance specifications are prepared
by the participating contract definition contractors and the detailed speci-
fications are prepared by the contractor receiving the development and
production contract. The most accurate product characteristics throughout
this entire chain are those which will be demonstrated and documen.ed in
the test program.

The use of product characteristics (other than weight) in cost analysis and
cost estimating has been essentially a subjective evaluation. However,
recently sc- ie emphasis has been placed upon a more formalized and direct
relationship between product characteristics, particularly in construction
of CERs. The principal difficulties with their use in cost analysis and cost
estimating are these:

0 The procurement files are contract oriented or, at best, are
a reflection of the technical files which tend to be oriented
toward products of specific technologies. Neither of these
sources provides a clear measure of product characteristics
at the higher work breakdown structure levels where most
cost tasks are oriented.

* Product characteristics tend to change as the product
progresses through the development/production cycle.
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111-2, Acquisition of Cost Information

Exhibit 111-3 presents a typical progression. This
progression and its effect upon cost normally have not
been clearly documented or analyzed.

III-2-b Schedule

The principal sources of schedule data are the project and procurement
files, which should include summaries from the Materiel Inspection and
Receiving Report (MIRR), DD Form 250. Information from the contractor
should be required only in cases where:

0 Analyses of incurred costs are being conducted while
work is in process.

* There is concurrent prodiiction for other customers.

* Detailed funding studies are being conducted.

The principal difficulties with schedule data are in the determination of
production line position when an item is being produced for more than
one customer and in determining the stage of completion of any one
item on the production line, since the percent of materials in place might
be quite different from the percent of labor hours used in production at
any point in time.

III-2-c Resource Expenditure

The preference for Resource Expenditure Information by source was presented
in Exhibit 111-2 and a preference was cited for contractor generated data.
This section will concentrate upon the contractor supplied data, since that
is the primary base for all procurement Resource Expenditure information.

In addition to special studies there are three types of resource expenditure
documents, Proposals, Cost Reports and Change Price Proposals generated by
the contractor. Exhibit 111-4 places these in the context in which they are
generated and indicates the participating organizations and the actions
which lend credibility to the documents.

The first two columns of this exhibit, Procurement Organization and Con-
tractor, are self explanatory. The organizations identified with the last
column, Contract Management, are less well known. The two of major
interest are:
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111-2, Acquisition of Cost Information

* Administration Service. With major contractors, this is
normally one of the military departments. With others, it
Is normally the Defense Contract Administration Service
(DCAS). The administration service has the responsibility
of assuring that the terms of the contract are met--including
schedule, technical and quality.

0 Audit Agency - Under current DoD organization this is the
Defense Contract Audit Agency (DCAA), the only DoD organ-
ization which has direct access to the contractor's account-
ing records.

Exhibit 111-4 presents the typical flow of a competitive contract. The first
contract oriented document is the Request for Proposal (RFP) or Invitation for
Bid (IFB). This document includes a description of the anticipated procure-
ment (technical and mission characteristics, quantity of items, delivery
schedule, etc.) and the ground rules for bidding (due date and format of
bid, type of contract anticipated, etc.). This document, together with
the relationship and understanding which have been established between
the buyer and the seller, sets the content of the contractor's proposal.

Based upon the requirements established in the RFF and his competitive
position, the contractor prepares his technical, schedule and price proposal.

The price proposal in accordance with the Armed Services Procurement Regu-
I:ition (Ref. 111-3) includes, at a minimum, one of the DD633 series forms.

Exhibit 111-5 presents the most frequently used form in this series. The
contractor may be required to prepare one. of these forms for each major
item in the contract or just one for the total contract. In addition to this
form the contractor may provide (or be required to provide) data on estimating
methods (possibly his estimating worksheets) and additional resource ex-
penditure information, such as manhours, number of engineering drawings,
machine hours, subcontract structure, etc.

The credibility attributed to contractor proposals, particularly for cost
plus fee and cost plus fixed fee contracts, has not been high in the past.
However, two recent occurrences have done much to initiate improvements
in the accuracy of price proposals:

* Certificate of Current Cost and Pricing Data - In response to
Public Law 87-654, 10 U.S.C. 2306, "Truth in Negotiations
Act," the above certificate has been required in proposals.
(Ref. 111-4). This certificate has the weight of law and has
been enforced by recent decisions of the Armed Services Board
of Contract Appeals.

III-11



co"TRACT PRICING PKIDPOSAL i,.J. .... o2 RICK)

- A I The pM.q.se . thise. ~- I.- pP.d 1
- - f,.tnMae I, Which thle iria submits I.- th

-x.nis.f .n. ,ted and eSt-nrA-Ied ,,

A VI- N,~5* tttt the .aidrd*I...-ts.
IN.s n-- it-, .,flerfit %half edel Ike

ro. *a'osb ,~vn~r xr~~ gStated n ASPH I, r)7 I hr. eq.,wrd to %.

W I 1 -- I, S0I- . at, 41 ( otie.1 Owt - PI-. Die, fle.

I 2 In addmton t. the 't-& Ii
[ the% tor-n the offer 14 C.1, ted in KgA

.. ;raeanad u.0_0 .. 0, this f..-w

data uxppotij baedulr% -t hSutnntt
IteA.1,

1
1 requ..wd 1-' the .. nI J A,

I~~.. pi .II$jio- N

'~~~~~ ....-..- a the existing. Cotf..sblP data

Me I. A .- 1W The judg.,rninal fat.s.Ppl~ef
*~~~~~T L.. - n -It ow- data t. the esil.r

IThe Comting", r. .s d b., the
4 I Prof.,e" price

In Sho'rt the ,ferseIItt..1fl pro. en
...-.. to be disclned

- -. ------ 0~ -NorI I filet in thin column those ne

0it01 -,%enable .,osts which in the judgient

of the conlr..ct When any o~f tie sostsai rne~ eniidi h f in
A ~ rTTi have already be"n incurred (ci en ta a

.A OI InI schedule. When "pre, production" o
- - Icos are significant orI When spenaifoal

.~.. ~..I detail by the contracting officer, provid.
ftcaiii..n andl explanation ol name ldeot

St -' - - -end transfer% betwieen )out plants, devil

I zittons under a commeon yoiotrol. which
- - - .~other than the loves of cost to the otigit

UR TO TCLS or currenit marhet price

.. . I line Item pr .osals. excepi where the cc

- dceteemines that a separate 0)1 looni 4.1
TOTA PoRIt. arc -- 11elec ted line items.

.,t..x0.----r . 0915 o -in .0- 1110.:. C -x..r~xA0 I.ACC -INSTR5 O 0r0reu T.9 rqATOMIC 1-41n CO.~ NOTF I Attach separate 1..ges ansenr,t.,OntACCO- .0- .xto ..... *CyttO0, -C'-"u C, .*. ,.nn ..x...m.......
co~racrn xnco~..v or.. ,x nt. ot,. ...... ,'tify in this colurvs the Aaahmei in wht

Ix - If Sit. IDErNTIFY (son %up;,ortng r'ipsecific cost elernee
0. ~ No standard frrr.i Is prescribed. howe.'

I-,..pricing data must be accurate, complet,,
nd the 1 udgmnl factors used in proteci

......................... Ot..I ..... tt 00 -S PROPOxxCC CO-.AC?' data to the Pstimates must be stated in,
I o - ItYS. IDPNTIr iON A seARATI PCEv to enable the Cionracting tifficer to eva

as .r,. ,~ .. t. ~O~~si.. (O...CC Ox .ncosx~tr n,,,,as. u...x on tt ("nsi ol.oFo.. exampoaler exaple, erovie etbebasi
the bill of maiterial% sut hF as by veneor t

'it .~ i ii. it ier 5 S i'~tATI aGEshop estimates, or invoice prices the ITif YS. vSTPY ,_SIAR~1 PGEoverhead rtes which dr'yati significant
I ft-. Qo- n A~~~ sOio Ci-vx..C I , -- , r0 .xx*o0.. rot nxOnOo O C T.r rate% (risk,r ,v vtnne I, ph.-xnr' inaor

'i o IP it SMO, Fit I I ..0.C. ..x.4t.... Anon n..,.v OR I en..n~.. el, or justdt,,Aton f,,ra in rt ease in
so. .xCx'v -x ".--x -.xrcn ... ~srnn. (anti,,ipuiIt,(r' ag isdi,.,,y invrr'asr.

'I Of V I- %HO (o. UtTOAFFITFS rAV i OVERACT, VSIMNFAS BELOWn O aN AIPARATI PAOe tify and enplain any contingencies whiC
in the prof 'sed pti.., such as ant,, ipat

I . .1n 0 ~ ... r- M v-1 L -c.1x A. 1ox~ 1- O1 -Mr Oet AT~o.tr.t -.xi o1g1 1o. "1t re4ct% and defective work,. anticipated
ti.,axi,. axx ISfl ICLAN ONa tg .edesign and rtestving, or anticipait

.r. 1 0 ItW% IPLO NASP40AFF PACE dilfi, ultii's in deiging high tt.h comp
1111- '0o .... IT. ,- ,x .. ... CO.' .--- nSITxt op'. ,I. SPA. StC-, .,r. fee J4,7 (C$2)r

-1r 1 .0'I NO. CXi.LxIt ON A SIPARA TF PAO& 140T I 4 Pirovide Is fist fro rii pal ite"
aItgory of material indicating known o,

This proposal is submitted for use in coxnection with and in response to soutr, , quantity, unit price. (ompetitior
basis of estlablishing source and reason

Aand reflects our best estimatest as of this date.

in accordance with the Instructions to Offerori and the Footnotes which follow, NOT I In, lode iietial for the propa
-- than material desvI biedt in the other font

-DA SCnRI RP P, TIC cost element entitled "Diteci 'daterial

-- ~ ________NOTF. 6 Include parts. iomparnents. at
- - Tv~o.i,,xr~sx~.. 5'rv ces to ibe proausco ,.i leifotmit b)

I in act ordance with oJ it .txnn spi'. I(

D . OU'. 6 3 REIOS DIIOS RE0001~tdirections 
aind o ~o.,.,nl io the ptr



I%c, 7 RCTIONs, TOO OFW'RRS

I I%,% form is t- pioside A standlard I ible. att.charni of supporting costt or priwing dats
be olernI subitd. to.1ei ... osmnhet to this loin. a- Imyar..ctcable. the data wall be diisribed
irred and esti-lred %.osts f.andaII.rglI (is'th sdearltso oxx *ppaopearjo-L. and made avilable to

ci~,,sitable far, detailed tes-iie, .mnd thre ctrtacting officer or his re-presentative upon request
Ill, .. id ., A ctrtact fesrltint Ill.-

dlt, halt under the candrtir,..s 4 The formiat and the prescribed cost breatkdown Are

bar e -quired to siuliot . Cecil noat intended as rigid requiremtenlts. VIath the approval
(.,It , or it, ng , flat. e ASI'R ot the contracting officer the dats mray be presented in

Another lonn it required for A niote effective And Alf
ciest presenlrtaon of cost or pricing data

it'.1-6e. rnillnfi.naion reiluired bv
.. r , s e-pi- ted, in i-A faith, !. io S Byv submission of this proposal the offeror grants to
-P..t.t -aiti this fo., Asadditional the Contracting Officer. or his Authorized representative.

.. ,dds i substanrattis. which ate the eight to examitne. tot the purposeof verifying the cost
edt-I tAe - .It -if di apprOPiate or pricing data submitted, those books. records. docuents
,s I-,* Itht 'i the 5pmarific fact. mod o.her supporting data which will pernit adequate
.1 -. 'Iettuas nrtiarira1os, it is evaluation of such cost Of pricing data, along with the
fi eA a i,. larideffrsrii of computations and projections used therein. This right

mal. be eserocized in connection with any negzotiations
..g ,rtrabler data prior to contract award.

-4.ia tar iit, applied in protecting
*data I, t he estimate and

.Ci- -iesasd h, the siffero in his
'tire

s~is etinatig pin nsitself needs

tni tn clunmn those necessary And I NOTE 7 include rs. and processed material for the ro

.1ch in the udgnment ofl the oferor posed contract in a forme or state which requires further

Inrumored in the efficient performance processing
When any o1fatie costs in this column NT .Icuesadr oaaiilieosutal
describe thenm on an attached %upport fabricated it. wmhole or in part by yo.; which are generally

ten pre~todutton' or"stalup"stocked in inventory. f'rovide etxplanation for inclusion
ant or when spec ilicaliv requested in I at other than the lower of coat or current market price.
i-aling officer. proside a full identi I :Anatolia of same. Identify all SAle NOTE 9. Include all materials sold or transferred between
weno yost plants. divisions. or organt- your plants, divisions or cargicnizans under a comimoin
omuion control, which are included at control at other than cost to the original itansferor and
iret of cost to the original ttfinsferrrr provide exploitation of pricing method used

e ol this r olioms I. optional lait multiple f
1s. eniept where the c~ontracting officer NOTE 10. Provide the methodof computation and apph.
separate DOi F oim 633 is required (fo caition of your overhead expense. including cost break.

ii.. down, and showing trends and budg~etary data as neces-
sary to provide a basis (or evaluation of the reasonable-

separate P-10%e as sncessary And ides ness of proposed rates.
nthle attachment in whlich 'hre informa,
.specific ,)st eleme~nt ma) be found. NOTE IL. Include separate breakdown of costs.
r..a prescribed, however, the cost or

he Accurate, complete and current. NOTE 12 Provide a separate breakdown of labor by job
factors used in projecting fromr the category and farnish basis fot cost estimates.
atei must he stated in sufficient detaI
itiacting fficer to evaluate the lo NO0TE 13 Include 4ll other estimated costs (e g . specrial

pie, provide the basis used lot picing9 toolting. facilities, ape..ol test equtprpment. ipecial plant
.rls sur h A% by vendor quotations. rcearra~nement. preservation packaging arid packing, spoil.
rrof eOI prices the reason for use of .ige and rea'ok. and sarranty) which are not otherwise
hicir departt significantly from enperieniced included Identify separately each category of cost and

juo.: plainled oforcie rwoirrarmerng provide supporting details If the proposal is based or. a
oft an infease in labor rates F 0 BI destination price. tndtcate separately all oautbatind

asnd sAny ra-s elt ) den transportation costs included in total amount
ivy contingent ies whitch Are included
rice, such as Anticipated costs of
tie work,.ornticipated costs of engineer NOTE 14 If the total cost entered here is in excess
ictesting, oft Anticipated technical of $250. provide on a separate page (or on LID Form

mg-nrg high risk components 783. Royalty Reprt) the following information on each
sepurate item of royalty or license fee name and address

e a 'M f pintpal te-witin ach of licensor, date of license agreement, patent numbers,

il isdtfin nw ia nt ipithneac patent application serial numbers, or other basis on .1kich
iat~~~~~ ~~~ iniaitkono niiae he royalty is payable, brief description. tncluding any

unit price compimlition otined. and pan or model numbers of each contract item or component
Sing source And reasonableness of cost on which the royally is payable, percentage or dollar

rate of royalty per unit, unit prtce of contract item, nun.
* -terial for the protis..ed contraict other bet of units, and total dollar umount of royalties. In addi
a ibed in the othei fiuitnotei undtr the lioan, if specifically requested by the contracting officer.
tied "irect Mateiial'1 a copy of the current license agteemenr And identificaion

(oI applicable claimso of specific patents shall lIC 1 roivided
*at pair I epinents. assembles, and

oducedj If Peifotnaed b) otiher than v-i NfOTE % Selling price must include ass, applicableEX I TIl-
IS Ij esipn. %t ifi, Altn,v, I I cIdetaI escse tan on finished aales.E HBI 1-
ph(ti le -1,y to the prini -,onir~f

CONTRACT PRICING PROPOSAL DD-633



111-2, Acquisition of Cost Information

0 Reviews of Contractor's Estimating System - This program of
the contract management organization, with the Defense Con-
tract Audit Agency taking the lead, provides a qualitative
evaluation of the contractor's estimating system and recom-
mendations for improvements. See Defense Procurement 4
Circular Number 50 (Ref. 111-5). Copies of the survey results
are made available to each purchasing and contract adminis-
tration office having substantial business with the contractor.

Thus, there is a strong impetus for improved estimates in the contractor's
proposal.

Upon receipt of the contractor's proposal, the Contract Management Organ-
ization may be requested to audit the proposal and conduct a procurement
type price and/or cost analysis. The Procurement Organization may also
conduct such a price and/or cost analysis.

The government's initial negotiating position is established based on the
information from the contractor, from Contract Management Organization
and from in-house comments.

On this basis the contract is negotiated with the potential contractor (or
contractors). This negotiation establishes the contract objectives and
the price for which the contractor will agree to accomplish the current
objectives. In the above proposal negotiating iteration, many cost positions
and estimates are taken, and many estimates are made which culminate in
a contract price. Some of these estimates may be in detail; others may
be gross in nature. These positions and estimates form a valuable source
of cost information; however, the cost analyst must have a thorough under-
standing of the contracting cycle to utilize this type of data in cost
analysis.

The price determined by the negotiating process can be assumed to be
relatively accurate; however, supplemental agreements (reflecting changes
in technical scope of the program and underestimates in the case of cost
plus fixed fee and incentive type contracts) have tended to increase the
contract price. It has been difficult, if not impossible, to determine the
amount of the increase which is due to technical changes and that which
is a correction of previous underestimates. The general rule of thumb has been
to use the fee negotiation as the guideline--if an increase in fee is
allowed It is a scope-of-work, or technical change; if no additional fee is
allowec, t is an overrun. A thorough examination of contract changes will
help the analyst in evaluating potential cost impact of technical changes.

111-13



111-2, Acquisition of Cost Information

During the execution of the terms of the contract, cost reports such as
Cost Information Reports (CIP),PERT*/Cost, Project Managers Reports,
Contract Funds Status Reports, etc., may be required. These data are not
collected on a consistent basis for all contracts or contractors. The speci-
fic definition and, therefore, the content of the data are subject to negotia-
tions. For example, data reported in a CIR is, by official definition, on
an applied basis; that is, it is a direct reflection of the labor and material
applied to the program. However, it is possible that agreements can be
reached whereby some of this data is placed on a disbursement basis; that
is, it is a direct reflection of the contractor's payments. In the materials
and subcontract area, this can create a considerable difference in time
phasing of costs.

Project Managers' reports, when these are included in a contract, are nor-
mally designed for the specific projects. These reports can be expected to
have little consistency from project to project. PERT/Cost is much like
the project managers' reports. The Contract Funds Status Report is
essentially a report of current and anticipated billings; therefore, it re-
flects the peculiarities inherent in the progress payment of agreements
written into the contracts.

The above statements should not be interpreted as negating the use of cost
reports in cost analysis; however, the pitfalls are many, and considerable
knowledge is required to avoid them.

111-3 VALIDATION PROCEDURE

The procedure for establishing the credibility of cost information is an itera-
tive process. The initial steps are as follows:

* Evaluation of source documentation -

o Evaluation of technique

* Comparison with prior information

The first two of these steps are best accomplished by study of the working
reports which usually detail the elements of cost in the cost document, if
such reports are available. Working reports tend to reveal more data since
they are considered to be on a more technical basis. The latter 3tep pro-
vides an order of magnitude check.

* Evaluation of source documentation determines whether the
best and/or most current data was utilized in preparation of
the estimate and if the data sources were compatible. This
step in validation presumes the cost analyst is familiar
with the cost documents.

* Evaluation of the techniaues ensures that the cost document

does not mix apples and oranges. This is of concern particularly
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111-3, Validation Procedure

where the three categories of cost information have been
combined in a cost analysis or cost estimate. For example,
the evaluation should ensure that the cost product charac-
teristics and schedule data relate to a single defined pro-
duction program. It may not be appropriate to use estimated
costs with an actual schedule or vice versa, particularly
where the actual schedule deviates markedly from the
estimated schedule.

a Comparison with Prior Estimates - This step is a gross
comparison with previous estimated or actual figures to
identify significant deviations of the derived costs from
recognized history.

Cost Estimate Tracking, such as that described in the Air Force Systems
Command's "Estimate Tracking System" (Ref. 111-6) provides a disciplined
approach to validation by maintaining a complete record of past ccst esti-
mates. This subject is treated in Section V-6.

The objective of these validation steps is to establish to what extent
further analysis of the cost document is warranted. Further validation may
be accomplished during the detailed cost analysis where the data are re-
duced to less complex forms and comparisons between estimates for similar
or related systems are made.

Validation of contractor cost reports is a more difficult task, since a care-
ful correlation between schedule and reported costs, including estimates
of work in process, must be accomplished. In the CIR reports the con-
tractor is required to derive "unit costs" and "learning curves" (based
upon the aggregated state of completion of all elements currently in pro-
duction). This requirement reduces the cost analysis work load; however,
validation procedures should require an independent determination of these
data to provide a cross check on the reported numbers.

This validation procedure should be addressed to all cost information docu-
ments with particular emphasis upon the changes which occur over time,
such as these:

* Program changes

* Development objective changes

0 Requirements changes

* Force changes

* Modifications (product improvements)

& Contract changes

* Budgetary changes

III-___

-; son=Bmm



111-3, Validation Procedure

Chapter V presents a detailed treatment of validation procedures from which
analogues can be drawn for validation of cost analyses.

111-4 CONSOLIDATING AND STRUCTURING INFORMATION

Cost information is available from diverse sources. This is true of cost,
product characteristics, and to a lesser degree, schedule.

Cost information from contractors is essentially a mirroring of the contrac-
tors' production processes, internal management, and the accounting con-
ventions established by the contractor and generally agreed to by government
auditors from such organizations as the Internal Revenue Service (IRS) and
the Defense Contract Audit Agency (DCAA). Since contractor provided costs
are the principal basis for all government procurement costs, a means for
restructuring data to a common base is necessary. (

The first step is to develop a well defined work breakdown structure such
as those developed in the proposed DoD Directive "Work Breakdown Struc-
ture for Defense Materiel Items" (Ref. III-1). This WBS effort is impoeant
for establishing a consistent, systematic framework which is common to
all disciplines associated with the materiel item (or system) and with
analogous items (or systems).

Similarly, the resource category structure must be defined clearly. The
CIR system, as presented in Reference 111-7, provides a series of defini-
tions of functional cost categories which can serve as a base point for
creating standard resource categories to be used in the data base. A
similar structure, although not as well defined, is available ac the total
proposal level in the Contract Pricing Proposal (DD Form 633) or others of
this series which must accompany each proposal (Ref. 111-3). In establishing
such a resource structure it must be realized that various levels of data
will be available and not always the same level on similar contracts. For
example, Exhibit 111-6 presents an extract of the top five levels of a
Typical Contract WBS for cost reporting. The lower two levels of this
structure are the Resource Category Structure. As discussed in section one
of this chapter, cost documents originating from contractor sources may
address any of these levels. The initial analysis task is to determine the
level at which the analysis will be accomplished.

A second problem which exists is the separation of variable and non-variable
costs. If this is readily identified in the cost docu-qnt, recognition should
be taken in the restructuring. If it is not identified, .e of the tasks of cost
analysis will be to separate the variable and non-variable costs analytically.
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111-5 COST ANALYSIS

The next steps in the cost analysis process are to:

0 Reduce the resource expenditure data to a reference unit (the
equivalent cost of unit one). It should be notefd that this re-
ference unit cost does not necessarily equal tht cost of the
first unit produced. It merely serves as a reference point for
cost analysis purposes.

0 Validate the derived reference unit.

The first step establishes the cost/quantity relationship. This is normally
accomplished by using the Modified Wright Learning Curve,* which expresses
the unit production cost as a log linear function of production quantity. Ex-
hibit 111-7 presents a typical derivation of a learning curve.

To use the learning curve theory in cost analysis one should possess at least
3 good data points beyond the first production unit. With any less than this,
the analyst must rely on expert opinion regarding industry's experience with
learning curve slopes. Generally, the first lot data must be handled with
care since it is difficult to isolate all the non-variable cost using account,ag
data or cost estimates.

Typical conclusions which could be drawn from Exhibit 111-7 are:

0 The cost of the reference unit is $2,300.

0 Learning curve slope is 87%., i.e., the unit cost reduces 13%
with each doubling of the production quantity.

* There may be approximately $54,000 non-variable cost in the
first production lot. This conclusion could be drawn from the
relatively good fit of the last four units with a variation of
roughly $2,700 between the average cost of the first unit
and the cost of the algebraic midpoint.

Anomalies similar to the above first lot data often appear in the use of pro-
gress curves. These anomalies call attention to vague or undocumented
factors such as a work distribution or a model change. A more extensive
treatment of Learning Curves is presented in Appendix A.

• Note: Also referred to as a progress curve and experience curve. See
Alpha and Omega and the Eyerience Curve (Ref. III-?).
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111-5, Cost Analysis

The second step, validation of the reference unit costs, can take ,.,reG
forms:

* Reduction of the reference unit data to index or factor form,
such as cost per pound, and comparing these data to those of
similar or even related items. For example, a heavy tank
could be compared with other heavy tanks, light tanks,
armored tracked vehic]es, or even boats, to determine the
the direction and reasonableness of the deviation.

0 Computation of cost factor ratios, such as engineering
cost per manufacturing dollar, manufacturing cost per
material dollar, etc., and comparison with similar or related
items.

* Comparison of reference unit costs with estimates of the
item costs derived from CERs based on prior items.

This last action is the final point in the validation of a given set of data.
At this point the cost analyst should be able to identify clearly the degree
of credibility which the set of data possesses.

111-6 COST ESTIMATING RELATIONSHIPS

Cost estimating has been defined in this handbook as the process of ap )roxi-
mating the cost to be incurred. This judgment of the cost to be incurred
may be arrived at formally or informally. In some cases, experience provides
a clear guide, particularly in estimation of standard items such as pipes
and valves. Slightly more sophisticated are the estimates of rather standard
items in non-standard sizes, such as oversized pipes or off-sized valves
or a state-of-the-art increase in the size of an engine. A more sophisticated
problem is that of estimating cost of new items such as a rifle, tank, or
aircraft.

All formal estimating methods use some form of Cost Estimating Relationships
(CERs), which are defined as:

"functional expressions which state that the cost of something
may be estimated on the basis of a certain variable or set of
variables. The relationship is derived by analyzing historical
data on different systems to obtain a functional relationship
between several system characteristics. The variable to be
estimated will be called the dependent variable, and the
variables to which the dependent variable is related by the
CER will be called the independent variables. A CER in which
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111-6, Cost Estimating Relationships

the cost is directly proportional to a single independent
variable is called a cost factor." (Ref.III-9)

Whether the cost analyst creates a simple or highly sophisticated CER
depenus upon such factors as the tools, techniques, and data base avail-
able, as well as the level of sophistication of the analyst.

The CER, as presented here, is concerned only with determination of the
magnitude of resource expenditure input required to produce the reference
unit. Derivation of CERs then is concerned with selection of the independent
variables to be used in the relationship. These independent variables are
selected from the product characteristics described in Section III-1 as being
of four classes:

* Physical

0 Technical (
* Performance

* Mission

Selection of the specific characteristics is conditioned by:

0 The objective of the study.

* The developmental status of the item.

* The availability of compatible data.

0 The number of data points available.

The techniques for derivation of CERs are:

0 Statistical

0 Simple Analogue

* Engineering

0 Expert Opinion

These are listed in general order of preference; however, the selection
is conditioned most often by what is possible rather than what is preferred.
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111-6, Cost Estimating Relationships

III-6-a Statistical

The statistical method for derivation of CERs is the most sophisticated
of the three. This method may take five forms;

0 Average - the arithmetic mean.

* Simple Linear- a first order equation with two variables, the
dependent variable being cost and the independent variable
being a product characteristic.

* Simple Non-Linear - an equation of second or higher order
or of any other form such as exponential, with two variables,
the dependent variable being a product characteristic.

* Multiple Linear - a first order equation with more than one
independent variable, each of these independent variables
being a product characteristic.

* Multiple Non-linear - an'equation of second or higher order
or of any other form such as exponential, with more than
two variables, the dependent variable being cost and the
independent variables being product characteristics.

Exhibit 111-8 is a graphic presentation of a simple linear equation where two
physical characteristics have been combined into one prior to construction
of the CER. * In this presentation the dependent variable is a factor (cost
per pound) which must be extended to derive total cost. The same equation
written at the total level becomes the following multiple non-linear equation:

Airframe Cost = 120.211 (W) + 24.011 (z)

Where W = CIR Airframe Unit Weight

V = Airframe Volume

The use of statistical techniques for CERs has widened the scope of the
normal field of statistics beyond that normally found in statistical texts.
The data points are derived from a non-controlled universe (sometimes from
a universe of three or four observations) and the objective of the CER is to
extrapolate beyond the data base.

More detailed discussions of CERs can be found in Appendix B.

*Note: It should be noted that while the least squares fit of this line is
good, it has been classified as gross parametric since validation of the
resource expenditure data source was not possible.
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111-6, Cost Estimating Relationships

III-6-b Simple Analogue

The simple analogue technique is based on construction of CERs using cost
information from logically similar items. The classic examples in the
aerospace industry are the use of (1) aircraft cost information to estinate
the costs of missiles and (2) information on prop driven transport aircraft
to estimate costs of jet transport.

The simple analogue is used when there is little or no historical information
available in the specific item or closely related items and/or when the cost
estimating task schedule precludes an extensive cost information research
effort. In these estimates the choice is between an estimate prepared by
skilled cost analysts and cost estimators and a decision (which may have
extensive cost ramifications) being made without specific cost inputs.

III-6-c Engineering

Engineering approaches to cost estimating are based on extensive knowledge
of the product characteristics and, hence, are applicable only to items
which are near or in the production phase. Engineering estimates rely on
detailed knowledge of the product, the production processes, and the pro-
duction organization.

III-6-d Expert Opinion

Expert opinion is used in construction of most CERs particularly to check
the behavior of the relationship when it extends significantly beyond the
data base or where the data base is too small to have statistical signif-
icance.

Another use of expert opinion is to adjust a CER to reflect costs of another
technology, such as using a CER developed for a mild steel structure to
cost an item with high tensile steel.

The pitfalls in use of CERs must be well known to the analyst who prepares
them since only he can evaluate the limitations of the data. However,
these pitfalls are more appropriately discussed in the subsequent chapters.

111-7 COST ANALYSIS DOCUMENTATION AND PRESENTATION

The documentation and presentation of cost info-mation should be relatively
standardized to facilitate their use and analysis. The comments here reflect
the experience gained in lengthy and detailed cost analysis and cost estimates.
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111-7, Cost Analysis Documentation and Presentation

Cost analyses are best documented in two volumes or reports. The first,
a Summary Report, is prepared for management consumption. This report
must support directly any cost exhibits specified in trie cost analysis re-
quest. Exhibit 111-9 presents an outline of a typical Cost Analysis Summary
Report.

The Working Report (s) presents the details of the cost analysis* hence, it is
the basic mode of communication between cost analysts and between the
cost analyst and the cost estimator. This report should be the subject
of detailed validation, evaluation and review rather than the summary
report. The Working Report should be prepared in the format indicated
in the outline presented in Exhibit III-10.

111-8 COST ANALYSIS QUALITY CONTROL CHECKLIST

The purpose of the Cost Analysis Quality Control Checklist is to provide (
in ready reference form a concentrated evaluation of the quality of a cost
document and to encourage a structured review of the cost analysis task
both during the analysis and at completion. Exhibit 111-12 presents a
two-page checklist. One of these forms is prepared for each item in a
study or for complex studies, such as the Main Battle Tank, for each
major work breakdown structure element.

The first page of this form is rather straightforward. The reverse side
utilizes some technical terms referenced previously in this handbook. The
following comments relate directly to the numbers circled in Exhibit 111-12.

1. The WBS levels will be as indicated in Exhibit 111-6.

2. Item status will be the developmental stage of the item in (
accordance with "Reportirg of Research, Development and
Engineering Program Information," DoD Instruction 3200.6
(Ref.III-10) relative to the date of the key cost information
document.

3. Data classification provides for the identification of the
key cost document according to the level of fiscal responsi-
bility of the preparing organization.

4. Character of the data is an indication of the cost analyst's
opinion of the preparing organization's intended level of
c, - dibility. The definitions of gross parametric, semi-
definitive and definitive were presented and discussed in
Section 11- 1.
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EXHIBIT 111-9

SUMM RY COST ANALYSIS REPORT OUTLINE

Cover Pags

Name of Study

Prepared for
Preper by

Participating Orsnizations

Study Directivi( (in bibliographic sty!e)
Approving Authority (Hom* rank and/or title and signature)

Dote of Approval

Cottents

Introduction (1 to 3 pages)
Purpose of the Study

Key Ground Rules
Critical Constraints
Key Assomptions

Work Breakdown Structure

Items and Conditions lncluded

Methodology (1 to 2 pa9ges)

Prosentatioa ef Study Results (2 to 4 pages)

Coml ns (I to 2 poes)

Recommendations (1 page)

Note: The page count presented here is for guidance only.
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EXHIBIT 111- 10

COST ANALYSIS WORKING REPORT OUTLINE

Cover Per
Title
Proeared for ____

Proered by
Participating Orgeizations
Approving Authority (Nome, rank and/or title and signature)
Dote of Approval
Key Analysts

Cost Analysis Quality Control Checklist (See Exhibit 111-12)
Con tentPs
Introduction

Purpose of Stwdy
History of Study
Brief Description of Items or Systems (Including develepowiroi sttus)

Study Ground Rules
Constmeints
Assumptions
Methodology
Infonnition Sumawnries

Product Characteristics (So* Exhibit 111-11)
Schedqle ( Tabula ew Wahic)
Resource Expenditure (Similar to Exhibit III- 11)
Cost Document Status (Neskiative)

Reference Unit Costs
Validation Reports
Estimating Relationships (Ustd and/or derived)
Results
Conclusions

In Response to Study Directive
Relative To Cost Analysis And/Or Cost Estimating

Appendixes
A - Study Directives, Instructions, and Correspondence

A bibliographic list by date ci receipt or -date of origin for
outgoing documents followed by copies of study.

B - Bibliogaphic' List of Cost Information Survey.
C - Bibliographicv List of Interim Reporis.
D - Summary Report

(Annotated as to Working Report source for
each item of cost Infenwation)
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COST ANALYSIS QUALITY CONTROL CHECKLIST

Std Title. - -Date

Item -_____ _____________

WBS Element: ____-_____-___________

Analysis Request,
Supi
Prc
Cot
Cot

IPurpose: 0th

Do
Clh

Referenct Documents*

( Cal

Sch

pro !

Analysis pDocomentagon*
Sumn-cry Report:

Working Report (s)

Re

Analyst - ___ --- ____

Name Title Office Phone

In bibliographic style, use additional sheets if necessary.



COST ANALYSIS QUALITY CONTROL CHECKLIST

Work Breakdown Structure Item Status

WBS Level Research

(- 4 , Exploratory Development

Advanced Development

Engineering Development
Proiect Summary WBS_ - Opr System Development

Contact Summary WBS 1 Production
Contract WBS__ Modification

Other WBS (Explain)

Do t, cter of t Qua, o
Classification \ est gement

CostQ
Estimate

Proposal

Reported Actual

Other (Explain)
Schedule

Estrr.ated

Proposal

Reported Actual

Other(Explain)
Product Characteristics

Operational Req
Tech Development Plan

Procureent Reque.t

Performance Spec.

Detailed Spec.

Weight Statement

Other (Explain)

Remarks:

Q See text for referenced items.

Phone

EXHIBIT 111-12
COST ANALYSIS QUALITY

CONTROL CHECKLIST
3111-29



111-8, Cost Analysis Quality Control Checklist

5. Quality of data is an indication of the cost analyst/cost
estimator's opinion of the credibility of the information
within the constraints of item 4 above. Two major headings
are presented:

0 Command position - The information reflects the
official position of the command or subcommand.

0 Best judgment - The information does not have the
recognition as official position of the command or
subcommand. This major grouping is further sub-
divided into four qualitative groupings as follows:

- Very Good - Good quality data in most ranges

- Good - Good quality data in most significant
cases.

- Fair - Data limited, and because of its source
or date of origin not considered of good quality.

- Poor - Estimates based on knowledge of other
systems and rough comparisons with related
data.

A checklist such as the above is as good as the utilization made of it.
it is a performance document completed because it is required, its value
will be quite low. However, if it is critically reviewed at every echelon
and possibly made an item in performance reviews, its value will be greatly
enhanced.

The cost analysis will be only as good as the historical data used in its
preparation and the ingenuity of the cost analyst to incorporate all possible
significant elements.
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Chapter IV

COST ESTIMATING TECHNIQUES

Cost estimating has been defined as the "process of producing an approx-
imate cost..." The accuracy and level of detailed knowledge available
on the item to be estimated varies and, thus, affects the character, level
of detail and accuracy of the estimate. As discussed in Chapter II, the
estimates can vary from the gross parametric estimates used in early feasi-
bility studies to the detailed source selection type Independent Govern-
ment Cost Estimate. Throughout this wide range of estimates (wide in
terms of calendar time and detail) a progressive structure should be de-
veloped. It is progressive in the sense that the later estimates will be
more detailed, but the last estimate will look very much like the first and
can be compared at some level of detail below the total. This implies
that the cost estimator can approximate the final cost structure very early
in the evolution. This can be done and should be done both for the pur-
pose of achieving comparability, and to provide a checklist to assure
that no part of the product being estimated is overlooked.

This chapter will discuss the considerations in estimates which are made
late in the evolution of estimates since these are more descriptive. Early
in the evolution, many of these considerations will not be significant;
yet the cost estimator should realize that eventually the structure and the
CERs must accomodate them.

This chapter points out the various limitations of CERs to highlight con-
siderations to be addressed in their selection. This could be considered
to be negative in tone; however, it should not be considered a depreca-
tion of CERs, but rather a warning that the best CERs can yield bad esti-
mates when not used properly. Properly constructed CERs, used by skilled
cost estimators, can approximate the future with sufficient accuracy for
the particular application, if the item to be estimated and the data upon
which the CERs are based, are compatible in the following areas:

& Product characteristics

* Economic time frame

* Competitive environment

* Procurement package

* Production technology

o Production rate

o Production quantities (including external demands)
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It must be remembered that all of these factors are essentially built in or
implied in a CER, however, complete compatibility is not a prerequisite
for construction and use of a CER.

Inherent in the phrase "sufficient accuracy for the particular application" is
the assumption that estimates will be updated at each stage in the evolution
of estimates (see Exhibit II-1). Obviously, costs used in a gross parametric
special study cannot be as precise as those derived for an Independent
Government Cost Estimate used in source selection. By the same token,
but to a lesser degree, variations can be expected between successive
steps.

There are two types of estimates which are defined and should be clearly
identified in the estimate documentation;

0 Technical Estimate* - The technical estimate is the estimate
of a precisely described task. This type of estimate is
normally used for systems analyses, decision making and (
modeling. It is also normally used for contractual purposes,
because contracts are written for a specific product on a
specific schedule, and any changes made are handled
through changes to the contract. This estimate includes
economic escalationif appropriate to the study. The
technical estimate should be auditable back through the
calculations to the cost information sources.

0 Conditioned Estimate - The conditioned estimate includes
adjustments to the technical estimate to allow for such
factors as product improvement, which are not specified
in a normal technical task description; for technical
difficulties; and for technical estimating accuracy. This
estimate may include both quantifiable and subjective
adjustments, and is normally used for funding purposes.

The primary focus of this chapter is upon the technical estimate, particularly
as related to contracting, for the estimating procedures are the most detailed
at this level.

IV-i COST ESTIMATING RELATIONSHIPS

The "technical estimate" is a formalized estimate which can be documented
as the output of CERs. These may include statistical CERs, such as
those described in Section 111-6; expansion of CERs to recognize facets

* The term "technical estimate" may be misleading since it implies scientific
derivation. Cost estimating, however, uses a large measure of subjective
judgment along with its scientific methods.
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IV-1, Cost Estimating Relationships

of the product to be estimated which were not previously significant; and
possibly CERs based upon structured logic to fill voids in the data which
cannot otherwise be filled. The technical estimate is a single point
estimate of the "if A, then B" type of logic: if A is the product, schedule,
and quantity, then B is the cost. The following paragraphs present the
major considerations in selection of CERs to provide the technical esti-
mate.

IV-1-a Factors to be Considered in Selection of CERs

The widespread reliance upon CERs in the form of cost factors, equa-
tions, graphs, etc., attests to their value. CERs have become a
"language" with which intelligence derived in the cost analysis process
is transmitted to the data bank, and ultimately, to the cost estimator.
Each CER is a unique combination of factors drawn from recorded history
using the combination of assumptions and conditions deemed appropriate
by the cost analyst.

This "meaning" of the CER is determined by the cost analyst and the
data available to him. The cost analyst relates the data to some basic
reference point--the lowest common denominator which he can derive.
However, it is seldom possible for the cost analyst to anticipate all the
requirements of a cost estimating task.

In preparing a CER, the cost analyst must be aware of factors which
affect both the x and y axes of the graph. Among the factors which affect
the cost axis (or y axis) of such a graph are those discussed below.

" Economic Time Frame-*Has the CER been constructed
to provide a cost estimate as of a specific calendar date
for the economic value of the dollar, or has some in-
flator been built into the CER? If the latter, is it
compatible with the time frame set forth in the cost
estimating task?

" Competitive Environment- Does the CER data base
reflect the same level of competition (advertised,
sole source negotiated, selected bidders, etc.) as ex-
pected for the items being estimated?

" Procurement Package,- How are the support hardware
(support equipment, spares and repair parts) and soft-
ware (systems test and evaluation, systems engirmering/
project management, training, data, guarantees and

*Note: When employing statistical techniques for short or long term

estimates, the analyst should be aware of error due to unpredictable
factors. Estimates based on long term economic trends may not be ap-
plicable in the short term since fluctuations in economic factors cannot
be measured and projected accurately.
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IV-l, Cost Estimating Relationships

warrantees, etc.) handled? How is test hardware
covered in CERs? Are these compatible with the cost
estimating task conditions?

" Production Technology - Does the item being estimated
include significant effects of a developing technology
where production costs change rapidly with time, such
as in the electronics industry? Will the item require
introduction of new production technology such as the
use of aluminum or stainless steel honeycomb on early
supersonic aircraft or a harder steel in the Main Battle
Tank?

" Production Run - Does the CER reflect the general
production run (number of units produced) required for
the item being estimated?

Among the less obvious factors are the compatibility between the data
base and the cost estimating task in the areas of:

" Logistic Support Plan- The techniques for provisioning
of spares, number of months of supply or the prescribed
operating level, etc. may be changed significantly from
that in the data base.

" Design Standards in Reliability, Maintainability, Qua-
lity Assurance, Etc. - These relatively new disciplines
have increased the demands placed on designers, and
may have introduced characteristics which were never
documented in the data base.

" Test and Evaluation Criteria - As products have become
more complex the requirements for demonstration have
become more stringent.

" Accounting Principles - CERs are often based upon direct
laoor charges; however, direct charge and overhead
definitions can vary widely between contractors, and
contracts; and the method of contracting; (i.e., CPFF,
FPI, FFP, multi-year procurement, single year buy,
etc.) can dictate rather significant changes in account-
ing principles. For example, Exhibit IV-1 presents a
comparison between a multi-year procurement and a
single year buy/with options for follow-on years. It
should be noted that the only difference assumed in
construction of this exhibit is the method of contract-
ing. The single year buy/with options is a "pay as
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EXHIBIT IV-1

ANNUAL FUNDING

THREE CONTRACTING METHODS

100

80

-,JNRECURRING

40+ COST

IVi+

NON-RECURRING
COS T

QUANTITY

ANUA FNDN FIRST SECOND THIRID TOTAL
AINUA FULLION YEIA R Y EAR Y EAR COST

(NMLIN)Y WY WY

SINGLE YEAR W OPTIONS 57 is 10 32

MULTI-YEAR PROCUREMENT
WITHOUT CONTINGENCY 20 31 31 32
FOR CANCELLATION

WITH CONTINGENCY 42 20 20 82
FOR CANCELLATION
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IV-l, Cost Estimating Relationships

you go" type of contract and multi-year procurement
is governed by the ASPR provision 1-322.2(b) which
states:

(iv) "a provision that the unit price of each item
in the multi-year requirement shall be the same for
all program years included therein."

A substantial difference remains even if the annual
funding includes the cancellation ceiling in accordance
with subparagraph 1-322.2(c) which states:

"In determining cancellation ceilings, the contract-
ing officer must estimate reasonable preproduction
and other non-recurring costs to be incurred by
the prime or subcontractor which would be appli-
cable to and which normally would be amortized in
all items to be furnished under the multi-year re-
quirements."

* Plant Load - The volume of work in process (plant load)
has an effect on the overhead distribution. The higher
the plant load the lower the overhead rate. This is
a particularly important consideration for procurements
in industries which have a few large contracts in pro-
cess in one plant.

e Geographic Location - Labor productivity and transpor-
tation rates vary quite widely between geographic
area s.

* Production Levels - Differences in production runs
can have a significant effect upon both non-variable
and variable costs. Where a long production run is

envisioned, more effort is spent in planning and tooling
which results in higher non-variable costs and lower
unit variable costs. The reverse is true of short pro-
duction runs. Care must be exercised where there
are considerable differences between the production
runs of data base items in the CERs and those of the
item being costed.

All of these factors affecting the cost axis may not be of significance
in selection of CERs early in the evolution of estimates (see Exhibit
II-1); however, the nearer the cost estimate approaches the contract-
ing environment, the. more important consideration of these factors be-
comes.
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IV-l, Cost Estimating Relationships

Two major technical questions related to selection and use of a CER are
these:

" Will the type of data used in construction of the CER
provide a contribution to the cost estimating process?
As indicated above, there may be many reasons for
modification of a CER, some of which must draw upon
information far afield from the products cited in the cost
estimating task. However, if a valid thread of logic can
be woven to introduce a factor which will improve the
accuracy of the estimate, that factor should be incor-
porated.

* Does the construction of the CER properly reflect
the characteristics of the cost estimating task item?
Each cost estimating task has some unique character-
istics which require special treatment. Perhaps some
performance or physical characteristics is emphasized
or pushed to the edge of the state-of-the-art, thus,
introducing a bias away from the configuration of the
available CERs. Seldom is there a ready-made GER;
some reconstructiorr is normally required to make the
available CERs suitable for the cost estimating task.
This fact of life has lead to the blurring of the distinc-
tion between cost analysis and cost estimating.

IV-1-b Interim Report

Concurrent with this evaluation of the available CER, the cost esti- (
mator should determine:

* The requirement for new CERs which can be generated
from the existing data base or possible additions to
the data base.

" The modifications of CERs which must be accomplished
on the basis of expert judgment and logic.

" The areas where no CER currently exists. *

*Note: Cost estimating tasks should be answered with a complete esti-

mate, that is, no elements left with the notation "Not Estimated."
Where no CERs currently exist, the cost estimator should construct
his best estimate using the information available to him and present
it with appropriate notations.
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The end of the first evaluation of the possible CERs provides an ex-
cellent point for an interim report to document the problems which
have occurred. Appendix C presents an excellent example of an
evaluation made at approximately this point in a Main Battle Tank
cost estimating task.

IV-2 PURPOSE OF THE ESTIMATE

The purpose of cost estimating is to predict the future so that it may
be examined in view of demand for resources. This examination may
be oriented toward relative accuracy or accuracy in magnitude. For
example:

* Selection Between Alternatives: This purpose uses
estimates along with measures of effectiveness (or
benefit) to decide which of a number of alternatives
is the better. While this selection implies a deci-
sion to expend resources, no specific amount of
resources are allocated. The emphasis here is on
relative resources requirements rather than the mag-
nitude required. Thus, for this type of decision
making it is important that the cost estimates be
similarly biased and possess a comparable measure
of central tendency. For this purpose a technical
estimate is adequate.

9 Allocation of Resources This purpose uses esti-
mates in the "real world" context of dividing up a
specific amount of resources (hardly ever an ade-
quate amount). Thus, it is important that the esti-
mates be precise, particularly in the magnitude of
resources required.

The first is'oriented toward selection of the course of action while
the second is oriented toward defining the resource requirements at each
step such as fiscal year funding. The second should be oriented toward
assuring that resources are available to complete each step, hence, is
conditioned by the "real world", considerations of potential overruns,
technical charges, and statistical error.
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IV-3 CONDITIONED ESTIMATE

The technical estimate has been discussed in the first section of
this chapter and the considerations in its derivation in Section 2.
This section discusses the considerations for conditioning that
estimate for the "real world" conditions of resource allocations
(funding).

IV-3 - a Statistical Variations

The source of the technical estimate is a set of CERs. These being
essentially statistical derivations, they have some Inherent variations.

The cost estimator should develop some measure of me expected
variation around the "technical estimate" to assist in preparation
of the "conditioned" estimate, as described below.

There are several statistical techniques which can be used to dc-
termine the distributions for cost estimates. Ref. IV-3, describes
the use of the beta distribution in cost estimating. Use of this
technique, however, requires a high degree of statistical sophis-
tication and the availability of a computer.

Another method of measurement is to use the normal distribution,
which is symmetric, easily described,and well documented in sta-
tistical literature. If the technical estimate is considered the mean
of a normal distribution, the estimator, possibly relying on subjec-
tive Judgment, can determine the amount of one standard deviation
from the mean. Thus, the peakedness of the normal curve for each
estimate can be stated simply and the factor can be given as O. XX
standard deviation.

For example, the table below illustrates the conservatism; that is,
the percent of possible estimates falling below the "conditioned
estimate" for a given "contingency factor.

Contingency Factor Expected Percent of Actuals
Below "Conditioned Estimate"

.0 50

.1 54
58

.3 62

.4 66

.5 69
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IV-3 Conditioned Estimate

IV-3-b Task Changes

In addition to statistical variations, there is another source of error,
that of understatement of the task in terms of changes in product
characteristics and schedules. Traditionally this has been the
major source of underestimates and the attendant overruns. Adjust-

ments for undefined task changes require close coordination with
technical and program control personnel.

While this is a subjective judgment, it is an important element
in estimates which are used for resource allocation. Statistical
variations can be expected to washout over a large number of
estimates but the magnitude of a technical program is very seldom
overestimated; hence, there is little opportunity for the over-

{ estimates to washout the underestimates.

It is emphasized that costs cannot be determined purely by statis-
tics. Subjective judgment based upon thorough familiarity with
the system being costed must be employed. Although statistics
may indicate causality, the estimator must examine and under-
stand the logic of the relationship to avoid accepting results
which might be mathematically correct, but, in other significant
aspects (technical or otherwise) unreasonable.

IV-4 TRANSLATION OF ESTIMATES INTO TIME PHASED
RELATIONSHIPS

Estimates are normally derived on the basis of a cost/quantity
relationship or a total cost of a task. Such a cost is adequate for
many systems analysis or cost-effectiveness studies; however,
in the AMC environment the capability must also exist to place
this estimate in the context of time.

SIV-4-a Time Phasing Bases

The seven most significant bases for distribution of costs over time
are as follows:

e Obligation Authority - "Any kind of congres-
sional or administrative authority to incur
obligations, whether or not this authority

carries with it the authority to make expen-
ditures in payment thereof," (Ref. IV-1).

IV-1O
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IV-4, Translation of Estimates Into Time Phased Relationships

- Contractor - Cost charged or recordee
as of the contract date or award letter
date.

- Government - Costs charged or record-
ed by year of appropriation. The entire
annual authority thus established is the
Total Obligational Authority (TOA).

* Disbitrsemert- "The amount of "expenditure" checks
issued and cash payments made," (Ref. IV-i).

- Contractor - Costs charged as of the
date of the contractor's payment of
subcontractors--labor, vendors, et al.

- Government - Costs charged as of the
date of the governments payments to
the contractors.

* Applied Cost - The cost of goods and services
charged at the time they are placed in use or
consumed.

- Contractor - Costs charged or recorded
as of the date work is applied to the
contract.

- Government - Costs charged or recorded
as of the date of issue to using organi-
zation.

* Production Release- Costs charged or computed at
the time a unit or lot is released for production.
Costs are seldom recorded on this basis. The
production release date (or production lead time),
however, is often the key point in relating costs
to schedules.

* Delivery Cost - Cost computed or charged as of
the date of delivery to the customer.

Exhibit IV-2 presents a generalized picture of relationships. The
precise nature of the lead-lag relationship is peculiar to a given
set of appropriations, types of contracts, industry practice, etc.

It should be noted that time phasing of the estimate has not changed
its magnitude.

The particular time phasing basis to be used in a cost estimate
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EXHIBIT IV-2

TYPICAL TIME PHASED COST RELATIONSHIPS
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IV-4, Translation of Estimates Into Time Phased Relationships

is stated or strongly inferred in the cost estimating task assign-
ment. For example:

" Terms such as budqetary, FYDP, and funding,
imply a Government Obligation Authority
estimate.

" Where estimates are to be compared with con-
tractor's accounting reports and billings, the
cost estimator must determine, line by line,
the time phased basis reflected in the contrac-
tor's report.

A typical time phasing sequence is presented in Exhibit IV-3.
In this example the delivery curve is given. The cost estimator

C must then determine, either from experience or by direct state-
ment, that in order to deliver the quantity A of items by time B,
the manufacturer must release production by time C and the con-
tract go-ahead (Contractor Obligation Authority) must be given
by time D. The estimated cost of quantity A is Point E on the
Cost Quantity Curve. Therefore, since the contract cannot be
written without Government Obligation Authority, the amount E
must be funded in Fiscal Year 1. Quantities F and G are treated
similarly.

Such time phasing requires an initial reference point for placing
the estimate on the calendar. The criteria for selection of such
a reference point are that:

" It is readily available to the cost estimator either
by direct statement or by rather direct implication.

" It has a rather stable relationship with the other
time phased bases.

The best candidate for this reference point is the delivery cost
curve.

IV-4-b Techniques for Time Phasiny

There are two basic approaches to establishing this time phasing:

* Specific lead-lag times.

* Work flow distributions.

IV-13
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IV-4, Translation of Estimates Into Time Phased Relationships

The specific lead-lag method may employ a specific period
of time such as procurement lead time and contracting time to
lead a specific date or event. The specific lead-lag times are
particularly good in time phasing authorizations where the time
phasing is a step function. Where the time phasing is actually
a non-linear distribution over time (such as a disbursement or
contractor's applied cost) a work flow distribution should be
used. Two such distributions are presented in Exhibit IV-4.
The first, "Percent Effort/Actual Time, " requires less data and
is less complex computationally and, logically, * a little less
accurate. It requires:

" Cost for each unit (or lot) to be produced.

" Single schedule event (such as delivery) for
each unit (or lot).

The second, "Percent Effort/Percent Time, " is more complex
computationally, requires one additional bit of schedule infor-
mation (production release) and logically is moe accurate

It should be noted that either of these curves can be extended
beyond the event, as indicated by the crossing of the expen-diture curves over the delivery curve in Exhibit IV-2.

The reader should also note that the Government Applied Cost
has not been addressed because the precise method of calcula-
tion cannot be defined until the procedures are developed for
implementing the Resource Management System in PEMA areas.
However, it is unlikely that any of the above techniques will
be adequate.

To a major extent the cost estimates within AMC will be on an
authorization basis, that is, estimating the obligation authority
required to permit contracting for deliveries as specified for a
force plan.

Generally, PEMA obligation authority is time phased in accor-
dance with delivery date, less production lead time and con-
tracting time. In some special circumstances this is modified

* The conditional term, logically, is used here since accuracy
is as much, if not more, a function of information than of tebh-
nique.
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EXHIBIT IV-4

TYPICAL WORK FLOW DISTRIBUTIONS
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IV-4, Translation of Estimates Into Time Phased Relationships

to permit procurement of long lead time items a year pricr to
authoriztion of procurement of the complete item. Exhibit
IV-1 presents one example of the effect of ASPR prescribed
accounting principles upon the time phasing of an authorization
estimate. The other major application of time phasing is to
reverse this relationship and determine the effect of budget
costs upon the delivery of items.

The other relationships are used in special cases where the
cost estimator must provide an estimate of the cost-to-comple-
te in a manner compatible with a specific set of data (see
Section IV-6, for example) or in times of expenditure restric-
tions to maintain a close estimate of the demands to be placed
upon the Treasury. However, this time phasing of monies
could become an important facet of cost estimating, when the
Resource Management System (Ref. IV-2), in its currently en-
visioned form, is extended to the PEMA appropriation.

IV-5 COST ESTIMATE DOCUMENTATION AND
PRESENTATION

The Cost Task Summary Sheet presented in Exhibit IV-5 is design-
ed to provide a ready reference for review. This form should be
completed at the outset of the cost estimating task and updated
as significant changes are received.

The required format for presentation of a cost estimate is direc-
ted, normally, by the cost estimate request. Exhibit IV-6
presents an extract from the Army Materiel Plan (DA form 2624-2)
which is typical of the requested level of detail for a cost esti-
mating task. Such a level of detail is adequate for formal docu-
mentation purposes; however, it is not particularly responsive
to the communication between cost analyst and cost estimator.
For this purpose the following two documents should be provided:

" Summary Reoort - This document presents the
major facets of the estimate and will be suit-
able for presentation at higher headquarters as
a justification document. It should follow the
format described in Section V-7.

" Working Report - This document presents the
full details of the estimate in such a manner
that another cost estimator or cost analyst
can trace both the logic and the mathematics
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EXHIBIT IY-5
COST TASK SUMMARY SHEET

COST TASK SUMMARY SHEET

Title No: __ _ _ _ _ _ _ _

Dote:

Assigne.d

Due:_________ _

Assigned to: _______

Estimate Request:

Purpose: Narrative:
( Independent Government

Cost Estimate
Five Year Defense Program Z
Budget
Special Study E
Other (Explain)

Estimate Ground Rules

DtNum ber Value Source Value Source Value Source

C Production Run

No. of Units _ _ _ _ _ _ _ _ _

Contract Dote -

Funding FY
Prior Prod ____ ____ ____ ____

o Cost Base

FY - S _ _ _ __ _ __ _ _ _ _ _ _

Design Freeze
Dote

Reference Documents*

In bibliographic style, use reverse if necessary
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EXHIBIT IY-6

TYPICAL COST ESTIMATE PRESENTATION
EXTRACT

ARMY MATERIEL PLAN (PEMA IT EMS)
(DiOLLARS IN MILLIONS)

(UNLESS OTHERWISE SPECIFIED)

SECTION 11 - MIATERIEL PLAN

PRODUCTION ARMY PLANNED PROCUREMENT 2

FY BASE QUANTITY PROGRAM
SUPPORT BY FY UNIT COST VALUE

(IN DOLLA.RS)
A B CD

65

68

69

( 70

72
....................... .. .......................

73
..................................................

.............................. ........ .......
...................................... ..........

2EXCLUDES OTHER CUJSTOMER PROGRAMS.

DA FOR 2624-2
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IV-5, Cost Estimate Documentation and Presentation

used in preparation of the cost estimate. A
suggested outline for this working report is
presented in Section V-7.

IV-6 VALIDATION OF COST ESTIMATING TECHNIQUES

Validation of cost estimating techniques takes eight modes:

* Validation of data base utilization - Has
the cost analyst utilized the available data
base to the fullest extent possible to support
the cost estimate?

* Validation of the ground rules and assumptions -

Has some directed facet or basic assumption
made in the conduct of the study introduced

( some bias into the estimate? Are the produc-
tion and delivery schedules realistic? Are
there significant inferred ground rules or assump-
tions which bias or influence the estimate?
Is the cost sensitivity analysis adequate?

e Validation of the CERs - Are the CERs properly
constructed in both a mathematical and a
logical sense? Are the product characteristics
properly described? Are all WBS and Resource
Categories addressed?

* Validation of trends - Are the technological
and economic trends in consonance with those
of applicable and allied industries? Are there
good reasons for deviation from industry trends?

* Validation of the computations.

9 Validation of the order of magnitude - Are the
indicated costs reconcilable with costs of
analogous items? Are the learniny curve slopes
realistic and well documented?

* Validation of the contingency factors - Is the
contingency computation compatible with com-
mand policy? Is it necessary to include a
contingency factor in this estimate?

o Validation of format - Is the report urganized
to present all of the required information in
readily understandable terms ?
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COST ESTIMATE QUALITY CONTROL CHECKLIST

Study Title: -__________________________Date- ________ S
Item: 

I
WBS Element:.... ______ ____________________________

Estimate Request*

G

PurposeF

E

Reference Documents'

C

T4

Estimate Documentation*

Summary Report-

Q1

Working Report (s):

EtmtrName Title Office Phone

'In bibliographic style, use additional sheets if necessary R
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Cc6T ESTIMATE QUALITY CONTROL CHECKLIST (Reverse)

Summary of Ground Rules:

Estimator's Evaluation-

Cost Handbook WBS Level (See Exhibit 111-6) Estimate Status
Estimated Data EstimatedData Base Item Base Item

Cost Exploratory Devel. SOS* _ _ _

Prod. Chora Advanced Devel.

Schedule Engineering Devel
Variance Risk Factor apr. Sys. Devel.

Estimate Prod uCtion

Dat Base Estimate Comparison

Data Base Estimated Item Remarks

Economic Base Year

Competitive Environment

Procurement Package

Technology Base Year

Production Run

Data Bse Output

Cost Sche.d Prod. Ca. Cost Shed. Prod. Choa

Character of Data I -__ _ _- I_ _ _

Gross Parametric I I
Semi-Definitive * ---
Definitive - I

RemarksI __ _ _ _ _ _ ____ __ _ _ _ _ _ _

Quality d Data I I ICommand Position i 1-

Best Judgment

Very Good ~-
Good I I I
Fair I I
Powr- -i-"l I i___ __-I _ _ _ _

RemksI

Remarks

EXHIBIT IY-7
~ COST ESTIMATE QUALITY CONTROL CHECKLIST
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IV-6, Validation of Cost. Estimating Techniques

Data Base - Indicate the average number of Work
Breakdown Structure elements associated with the
data base items, and reference, in Remarks, the
Cost Analysis Task document which addresses
this facet of the CER.

Estimated Item - Indicate expected number of Level 2
Work Breakdown Structure elements.

" Technology Base Year - The Design Freeze Date (for rapidly
developing production technologies only).

- Data Base - Indicate the Design Freeze Date to which
the CER data has been adjusted. If the CER data
has not been adjusted indicate time span (earliest
and latest year) and reference, in Remarks, the
Cost Analysis Task document which addresses
this facet of the CER.

- Estimated Item - Indicate base year reflected in the
estimate.

* Production Run - Number of items manufactured in a
production sequence.

Data Base - Indicate average production run.
Where the distribution of production runs is
broad, indicate in Remarks, minimum, mode,
and maximum.

Estimated Item - Indicate the assumed production
run reflected in the estimate.

IV-7 SPECIFIC APPLICATION OF COST ESTIMATING IN COST ANALYSIS

Just as cost analysis supports cost estimating, the reverse is also
true. This is particularly true of cost analysis of "in process" items.
In this context it may be necessary to estimate the complete contract
cost to understand and validate the reported costs to date.

Exhibit IV-8 presents a simplified example of the use of such a
cost estimate. A more detailed presentation of a technique for
accomplishing such an estimate is presented in Reference IV-4.

One of the principal uses of this type of estimating in support of
cost analysis is in program control operations, which requires a
detailed knowledge of the current status of the program and of the
implications for the future.
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EXHIBIT IV-8
TYPICAL COST ESTIMATE FOR USE IN COST ANALYSIS
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Chapter V

COST ESTIMATING PROCEDURE

The three previous chapters have established respectively (1) the frame-
work within which costs estimates are utilized, (2) the procedure for ana-
lysis of cost data, and (3) the techniques for making a cost estimate. This
chapter will present the specific steps involved in accomplishing a cost
estimate.

There are two systematic approaches to preparation of a cost estimate:

0 Centralized Cost Estimatin - where the cost estimates
are prepared within the confines of a central group
utilizing a previously acquired data bank.

0 "Grass Roots" Cost Estimatin - where the estimate
requirement is parceled out to estimating groups
associated with the responsible organizations such
as the commodity commands.

Eacn of these approaches offers a significant contribution to cost estima-
ting and cost analysis. In the early stages of development of an item,
when quick cost estimates are required for special studies, the central
group estimates are desirable and may be the only feasible source. As the
evolution of estimates progresses toward the Resource Administration phase,
where an estimate begins to take on the connotation of "I agree to do that
specific job for this cost," it becomes important that the estimate:

0 Be generated in the proximity of the responsible
organization - (such as the commodity commands)
implying control of the estimate by the responsible
individual.

0 Has the endorsement of the responsible individual,

such as the systems/project manager or commodity
manager.

The procedure described herein relates to the grass roots estimate. However,
it also applies to centralized cost estimating where individuals may be
thought of as estimating groups for responsible organizations.

V-1 LEVEL OF ESTIMATING DETAIL

The cost estimating techniques presented in Chapter IV may be utilized in
either of the above approaches. The detail at which the techniques are
applied,however, will ordinarily be at a highei WBS level in centralized
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V-l, Level of Estimating Detail

cost estimating than in grass roots cost estimating. Selection of the
proper level for a cost estimate is conditioned by such factors as these:

0 Objectives of the Study - Do the study objectives address
relative demand or actual demand for resources? What is
the tolerance in the selection criteria +20%, +10% or +5%?

* Type of Review Expected- Will the expected estimate review
be compatible with the objectives, or more stringent?

* Time Available for the Study- Will the time available for
cost estimating permit handling the volume of data required
at the lowest desirable level?

* Resources Available for the Study - Can the skilled estimators
and data handlers be made available for a detailed study, or
one at a higher level only?

* Availability of Data.- At what level can a good match be
made between product characteristics, schedule, and
resource requirements of the estimated item and those
of the data base?

The level of estimating detail is related to both the Work Breakdown Struc-
ture and the Resource Category Structure which form the definitional base
for cost analysis and cost estimatinc.

V-1-a Work Breakdown Structure

The DoD WBS philosophy is indicated in the proposed Dod Directive and
Military Standard "Work Dreakdown Structures for Defense Materiel
Items." (Ref. V-1 and V-2). These documents recognize five WBS types:

0 Summary WBS - The WBS as presented in the DoD Directive.
0 Project Summary WBS - One or more Summary Work Breakdown

Structures which reflect the content of the project.
* Project WBS - A detailing of the Project Summary Work

Breakdown Structure.
t Contract Summary WBS - An extract of the portions of the

Project Work Breakdown Structure involved in a particular
procurement action.

V- 2



V-i, Level of Estimating Detail

0 Contract WBS - A detailing of the Contract Summary Work
Breakdown Structure accomplished by the contractor.

The last four WBSs are essentially a reorganization and/detailing of the
Project Summary WBS, thus establishing a common (or uniform) technique
for addressing an item of defense materiel.

For purposes of discussion here, these WBSs will be amplified to include
two classes of elements (See Exhibit V-I).

* Prime Mission Product - Includes the principal item to
be procured and, possibly,a major support element,
such as the command and launch equipment of a missile
system.

" Support Elements - Includes such Level 2 WBS ele-
ments as peculiar and common support equipment,
spares, training and data.

This distinction essentially separates the high cost element from those
which are normally factored (as a percent of the prime mission product)
in the special study type of estimate because (1) the necessary inputs
for making a detailed estimate are not normally available, (2) the ele-
ments are not normally overly sensitive to the objectives of the study
and, (3) the costs involved are relatively small.

V-i-b Resource Category Structure

The second sector in structuring an estimate is the resource category (engi-
neering, tooling, manufacturing direct labor and materials, overhead, fee,
etc.). The RCS is seldom shown in summarizations of costs presented to
management, yet it must be recognized in working reports for these reasons:

" Normally the peculiarities of a particular item and/or
estimate are recognized at this level.

" The data from past programs are recorded at this
level - on the Contract Pricing Proposal (DD 633
series of forms) (which accompanies most signifi-
cant proposals and bids), and,in a limited number
of programs,on the Cost Information Reports (DD-
1558 series of forms).

It must be remembered that the important objective of a cost estimate is

to reflect:

" Total cost

" The effect of decisions or variations upon total cost.

V- 3
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V-i, Level of Estimating Detail

For the more gross parametric estimates or estimates where the combina-
tion (percent of cost in each category) of the categories is not expected
to vary significantly, the resource category data can be loaded with the
applicable overhead, fee,etc., and a cost/quantity relationship develop-
ed at the WBS element level.

In other estimates where the combination of resource categories can be
expected to change significantly, over the quantity range or because of
the particular objectives of the study, etc., the resource category costs
may be treated as:

0 Direct charges which are summed and then loaded
with the applicable overhead, fee, etc.

0 Direct charges which are loaded at the detail level
then summed.

The former is used where the sensitivity of the cost to overhead rates and

fee are to be examined, or to facilitate comparison with previous studies

at a very detailed level. The latteris generally preferable from a data
handling point of view, and for most estimates made in AMC, will provide
the requisite level of accuracy.

V-2 COST ESTIMATING SCHEDULE

There are a number of basic steps or events in preparation of an estimate.
The degree of formality associated with these steps or events will change
depending upon such factors as the type of estimates, the time allowed
for estimating, and the number of personnel or organization(s) involved.

In a major study which may involve a number of commodity commands,
these would become major milestones or events. The following discussion
addresses these steps in the context of such a major cost estimating task.

The schedule for such a cozt estimating task has essentially eight major
events:

I. Cost Estimating Task Assignment

2. Organization Meeting

3. Interim keport

4. Progress Meeting

5. Working .eports

6. Final Internal Review
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7. rinal Summary Report

8. Post Submission Evaluation

These events form a dynamic process that is initiated by the first event.
The events are completed over time in the sequence shown; however,
action on each of the second through seventh events would be initiated by
the Cost Estimating Task Assignment. The final event is an analysis that
should be performed to aid in future estimating tasks and would occur
following completion of all other events.

V-2-a Cost Estimating Task Assignment

When the need for a cost estimate arises, the initiating action is a Cost
Estimate Task Assignment in the form of a letter or memo or an oral re-
quest informing the estimating groups of the estimating task that is
required. Exhibit V-2 presents an example of such a letter for a major
procurement item. This letter addresses such points as the purpose of
the task, the groups to be involved in the task, and the personnel to con-
tact for further information. For major item estimating tasks, the task
assignment may include attachments to better inform the cost estimating
groups of the required task. When the task is received, the cost estima-
ting group should begin its initial appraisal to determine their approach.
The group members should familiarize themselves with the items to be
estimated, determine what type of information is available for use in
estimating the costs, and a proposed approach

This proposed approach should be explicit in all the details which are
important to the cost estimators and should identify their proposed guide-
lines as follows:

* Eytracted from the cost task n':- ,iment.

* Implied directly in the cost task assignment.

* Sought out or created by the cost estimator.

* Suggested deviations,from or clarification, of the

cost task assignment.

At this time, the Cost Task Summary Sheet (See Exhibit IV-5) should be
completed.

V-2-b Organization Meeting

After the groups have an initial appraisal, an organization meeting
should be held, at which time the following should be established:
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TYPICAL COST ESTIMATE TASK ASSIGNMENT LETTER

DEPARTMENT OF THE ARMY
HIEADQUARTIERS UNIT'ED .TATKES ARMY MATIERIEL COMMAND

WAU4,N,;|'oN. D.C. :-

(Reference Symbol) (Date)

SUBJECT: Estimating of (Item) Production Costs

TO: Commanding General, U.S. Army ..........

Commanding General, U.S. Army ..........

1. Requirements are being placed upon this Headquarters which will
necessitate estimating the cost of producing the (item). This effort is
necessary in order to be able to respond to an (office) requirement to
furnish cost data to support a system analysis study. Also, to support
the FYDP needs for future budgetary and planning purposes, an updated
hardware estimate based upon the latest technical specification packages
and/or drawing releases is needed. Figures must be suitable for inclusion
in the Army Materiel Plan (AMP).

2. In order to accomplish the above, the cost estimating groups al-
ready designated in each command, will be called upon to perform this
estimate. To assure that one set of estimates can be compared with
another, this basis for estimating, i.e., estimating methodology, uni-
form work breakdown structure, and cost category definitions, etc., will
be established to maximum extent possible, at the first cost analysis con-
ference to be held at (locatir j_ on ('ate). .,n. .es, assumptions
and constra!-'. are include! in the methodology paper attached hereto.
The la. -,. specificatd 'n packages ior each component will be mailed under
separate cover by (office)to each appropriate command. Estimates are to
be submitted to the (office) by the (dt for review and valtdation.

3. The attached methodology has been prepared with the assistance of
(office) personnel who will assist in the iinplementatio' of the

methodology. The commands should be prepared for visits from ,=rsonnel
from these offices accompanied by (command) personnel, luring the estimat.n-
cycle.

4. For further information contact the following:

a. Technical (Name, Rank, Address, Phone Number)
b. Non-technical (Name, Rank, Address, Phone Number)

FOR THE COMMANDER
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V-2. Cost Estimating Schchile

* Work Breakdown Structure (WBS) showing the complete
breakout of all components and their relation to one
another

" Estimating responsibility for each component.

* The WBS elements that require a functional cost
breakout.

* The functional categories to be estimated and cost
category definitions.

" WBS level at which to report non-recurring costs and
costs which are not charged to the elements.

* Hierarchy of preference for estimating techniques.

* The production schedule(s) and/or quantities to
consider.

* Ground rules, assumptions, and constraints.

* Schedule of milestones to be met in the
estimating task.

These items are not necessarily developed from scratch at the organization
meeting, but the central position should be established such that groups
have the same understanding of the estimating task and, thus, will be able
to develop a uniform set of estimates that can be combined into an estimate
for the task. For instance, a WB'S should have been developed prior to the
meeting, but the meeting should ad-'ress the WBS to assure that cc:.iplete
coverage and responsibility for each WBS element has been established.

Each estimating group should be conducting a detailed search for applicable
data and cost estimating relationships. Each group should then conduct a
study tc decide the estimating techniques which may be used tor each
element. The selection should reflect the hierarchy established at the
organization meeting, the techniques that are feasible for each estimate,
and the quality of data available. Techniques such as the following would
be acceptable.

" Detailed engineering estimates - using complexity

factors, detailed manloading, etc.

* Statistical methods, based on historical data - using
CERs, leirning curves and cost factors.

" Analogous components - using actual production costs
on like items.

V- 8



I
I

V-2, Cost Estimating Schedule

* Expert opinion - using the best available experts j
to fill areas where no cher source is adequate. J

* Contract data reviews - determining overhead,
general and administrative expense, and profit
rates.

" Price catalogs - determining costs of standard off-
the-shelf items.

V-2-c Interim Report

The estimating technique chosen for each rnmponent and the reasons for
choosing it should be detailed in an interi.., report. These reports from
each estimating group should be reviewed to determine whether they are in
consonance with the direction of the total effort. This Interim Report
should follow the format of the Working Report presqnted in Section V-7.
After the interim reports have been reviewed and accepted, the estimators
will complete the actual task of estimating the costs. Appendix C presents
an extract from such an interim report.

V--2-d Progress Meeting

At this meeting, the estimating groups should be able to present some
tenthtive numbers and their estimating techniques. This meeting should
serve to assure tf.at all relevant costs are being estimated, that estimates
from the various groups are ..or'-stent, and tho. accerable techniques are
being used.

After the progress meeting the estimators should correct any deficiencies in
their methodology and then complete the cost estimate. Throughout the
estimating task, the estimators should record all pertinent information and
decision criteria used. The documentation should be such that an effective
validation of the estimate could be performed by persons not involved in the
actual estimating.

V-2-e Working Reports

The estimating groups should prepare Working Reports (See Section V-7)
that present the full details of the estimates that have been developed.
This Working Report will be part of the official documentation of the estimate
and should irclude all .data, relationships, assumptions, etc. that were
used. It should also contain information such as estimate validation and
tracking results, as well as the presentation of the estimates.
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V-2, Cost Estimating Schedule

With the Working Reports for all estimates, the estimate coordinators can
review the estimates to determine consistency and then assemble them
to develop estimates for the total item. A Working Report can then be com-
pleted for the total item estimate.

V-2-f Final Internal Review

With the information furnished in a Working Report, a Final Review for
* each estimate can be conducted by tracing both logic and mathematics

used in preparing the estimate. This review will be the last opportunity to
make changes in the Working Report. Care should be taken to make sure
that everything done in preparing the estimate is acceptable and completely
documented in the Working Report. The format to be used for the Summary
Report will be designated during this review.

V-2-g Summary Report

When satisfied that the estimate, as documented in the Working Report, is
acceptable, a Summary Report follo,. .ng the format established in the Final
Review should be completed. This report sh.-ild present the major facets
of the estimate. It also can serve as a justification document for presen-
tation at higher headquarters. Exhibit 111-9 presents a typical documention
report outline.

V-2-h Post Submis,.- ialuation

io L.omp" , the estima,ig task, one event remains - an evaluation of
the cost est).,, . effort and the recipient's comments. The primary purpose
of the evaluation is to document areas where future cost estimates may be
improved.

After the lead estimating group has presented the estimates to the requestor,
the lead group will receive comments as to the impression and the problems
encountered.

This lead estimating group should pass these comments to the estimating
groups which should then prepare an analysis of implications of these
comments along with their own evaluation of how the task could have been
improved. This evaluation is one of the major, if not the major means for
instilling professionalism in a cost analysis activity and for upgrading the
capability of making cost estimates.

V-3 SOURCES OF COST INFORMATION

Outside the product characteristics of the item being costed, almost all
cost information is founded on the records (estimates, cost reports, technical
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V-3, Sources of Cost information

reports, schedules, etc.) of current and past programs. The previous
chapters have described in detail the characteristics and uses of this
information for cost analysis and cost estimating. It must be emphasized
that thorough and accurate documentatiod of previous estima tes and analyses
is a necessity for accurate cost estimating. This documentation, with the
results of the past post submission evaluations, provides the basic ingre-
dients for preparation of accurate and responsive cost estimates.

V-4 COST SENSITIVITY ANALYSIS

Cost estimates are normally single point estimates of total costs (or
slb!y summary cost/quantity relationships) which comprise a significint

7 umber of assumptions, ground rules, and conventions. Sc.he of these as-
sumptions or convent'ons ..an be traced to the initial task directive; others
are generated during the conduct of the task to circumvent problems which
could block completion of the task.

The cost sensitivity analysis addresses reasonable variations in those as-
sur tions and ground rules and conventions and documents the cost effect
of "-ese variations. This analysis can highlight potential problem areas
wl, " could arise in the review or validation of the cost estimate, and it
alerts the users to potential misinterpretitions of the cost estimate.

V-5 VALIDATION C? ESTIMATE

The validation cf an estimate o-curs both at the working group level and at
the recipient level. The validation of an estimate should build upon the
validations of detailed data as indicated in the previous two chapters. If
those procedures are properly accomplished, , validation of a specific
cost estimate will consist of assuring thdt the cost estimate:

* Is a proper response to the ground rules set forth or impiied
in the study directive (as modified).

* Supports the analyses conducted in, response to the study
directive.

Although this validation primarily addressed the working report, the
summary report must also be reviewed to assure that it properly reflects
the working report(s).

At .Li s level of validation there are eight basic validation points.

1. Arithmetical - This routine check should assure that the totals
are supported by the details and that any reasonably well
trained analyst can trace the derivation of the results.
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V-S, Validation of Estimate

2. Configuration - This validation point should assure that the
cost estimate(s) reflects precisely the configuration specified
or implied in the study directive and/or supporting analyses.
This will require an in depth analysis of the product character-
istics recorded and/or implied in the cost estimate domkmmen-
tation, in the study directives,and in any parallel analyses.
This validation should be accomplished at the WBS element
level.

3. Quantities - This validation point should assure that summary
cost/quantity relationships are constructed on a valid basis
and that the number of items (at the WBS element level) costed
is correct.

4. Production Line Position - This -alidation point should ,
that the most favorable and realistic pric-- -r .ilized in
the study, particularly in view of pri-Ing toward the lower end
of the cost/quantity ci'ves whenever Justified by alternative
demands from non-Army customers such as MIPR (Military
T-. erdepartmental Procurement Request), direct sale to others
such as commercial customers or to the Military Assistance
Program.

5. Schedules - This validation point addresses two aspects:

0 Is the stated (or inferred) delivery schedule
adequate to meet the requirements of the
study, both in total and in time phasing?

* Can the production schedule be met with
the assumed industrial and government
plant capacities?

6. Time Phasing of Costs - This validation point assures that
the proper lead-lag relationships have >een developed to
place the cost estimate in the directed or stated time
phasing (See Section IV-3).

7. Sensitivit - This validation point is oriented toward identify-
ing soft spots in the cost estimate which have not been
adequately treated. (See Section V-4). Implicit in all cost
estimates are many assumptions and/or ground rules which,
if altered, could have a significant effect on cost. The
recipient of the cost estimate has every right to expect to
be warned of these implications.

8. Reasonableness - This validation poLt addresses the overall
approach used by the cost estimator, his logic used in extend-
ing the available data base, his construction of CERs and his
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interpretation of the task assignment. It is essentially
subjective, hence, should be approached cautiously.

V-6 COST ESTIMATE CHANGE REPORTS

The purpose of cost estimate reports ts to document variances in cost
estimates made at various points in the life of a system or of an item; i.e.,
how and why cost estimates have changed over time. The term "cost
estimates" is used here in itp broadest context to include cost/quantity
positbns negotiated with or directed by higher authority. Two sucn reports
are:

" Cost Estimate Tracking Reports -These reports document the
full history of cost estimatec. The AMC Cost Estimate
Tracking System cuL.antly under development will identify these
reports.

" uost Est'mate Change Summary-This summary is designed for
management consumption, hence, addresses only the change
from the previous position at a summary level.

The purpose o' the cost change ,k -nmary rep... -_ to provide tht_ reviewe.
with a quick neck on the mc-. recent history of the estimate and to provide
a ready reference soui,._ for more extensive research into the estimate
history. Exhibit V-3 presents such a Cost Estimate Change Summary Sheet.

To provide a quick identification of the changes in estimates, two broad
categories have been established. These are:

* Scope Changes - Those which result from overt actions taken
by the Army or directed by higher authority, such as changes
in the performance characteristics of a system, quantities,
schedules, etc.

" Price Changes - Those which result from circumstances
beyond the control of the Army. For example, the reestimation
of an item or system in view of d.,llar changes in the nations
economy, a previous conservative evaluation of the technical
challenge, or directed changes by higher authority without
change in scope.

Explanations of changes should be indicated by an entry in the column
headed "Change Explanation" on the Cost Estimate Change Summary. The
changes may be classified according to the following system:
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EXHIBIT V-3

COST ESTIMATE CHANCE SUMMARY SHEET

COST ESTIMATE CHANGE SUMMARY SHEET

Item Estimated: Dot,-.

SPrior Estimatts:

,E Current Estimates-

Previous Change Summary
Estimating Origin of Type of
Command Request Estimate WBS Level

Prior__________ 4 ______ __

Current

Estimates Change

Prior Current - han Explanation

FY Qty I Cst Qtf Cost Qty Cost Oty Cost

Priot 'tars

Total

Notes:

*In bibliographic style, use reverse if necessary.
**Use reverse if necessary

V-14



V-6, Cost Estimate Change Reports

Scope Changes

A-i Changes in the requirements or performance characteristics
of a system such as speed, payload, range., accuracy, mean
time to failure, maintenance intervals, etc.

A-2 Changes in the quantity to be produced

A-3 Changes in the deveiopment or production time schedule

A-4 Changes in the scope of a system other than those covered
by codes A-i, A-2, A-3. When A-4 is used, the nature of
the change must be fully explained under remarks.

Price Changes

B-1 Dollar changes in the nation's economy such as changes in
general and specific price levels. Included in this category
are chances resulting from inflation, labor rates and cost of
materials.

B-2 Re-interpretation of engineering or technical specifi ;ations
regarding performance requirements of the system.

B-3 Non-technical problems, such as strikes, floods, acts of
God,excessive shortages of manpower or material and changes
not covered by B-I, or B-2. When this category is used, each
entry should be fully explained under remarks.

B-4 Directed changes such as budget costs which may infer a
scope change, but do not directly state the specific change.

At the conclusion of each cost estimating task, the estimators should com-
plete the format as a part of the working report.

V-7 ESTIMATE DOCUMENTATION AND PRESENTATION

The documentation and presentation of an estimate is the culmination of an
extensive effort to produce an approximation of future costs. It is important
that documentation and presentation be accomplished in a professional
manner to increase the credibility of the estimate, to facilitate its review
and utilization and to create a data base for future use. To this end the
following two reports are important.

V-7-a Working Report

The approach presented herein oenerally follows that presented in Chapters
III and IV, to provide continuity and uniformity without being overly restric-
tive.
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EXHIBIT V-4
COST L.STIMATE WORKING REPORT OUTLINE

Cover Pago
Title
Prepa re for
Prepared by
Participating Organizations
Approving Authority (Name,rank and/or title end signature)
Date of Approval
Key Analysts

Cost Task Summary Sheet (See Exhibit IV-5)
Cast Estimate
Cost Estimate Change Summary
Cost Estimate Quality Control Checklist (See Exhibits IV- 7)
Contents
Introduction

Purpose of Estimate
History of Estimate
Brief Description of Items or Systems (Including developmental status)

Study Ground Rules
Constraints
Assumptions
Work Breakdown Structure
Organizational Responsibilities
Information Summaries

Product Characteristics
Tabulor(See Exhi;it Ill-11)
Graphic (Comparisons of data base with products being estimated)

Schedule (Tabular or graphic)
Resume Exponditure (Similar'to Exhibit I1-11)

Reference Unit Cost
Data Base Items (Brief description)
Cost Estimating Relationships Used (With constants)
Cost Sensitivity Analysis
Validation Report
Cost Escalation Implications
Results (Cost estimate details)
Conclusions

In Response to Task Assignment
RAelative to Co.t Analysis and/or Cost Estimating

Appendixor
S-tu Directves,Instr cti ns, aid Corrqspondeco
ibliogrphic list by date receip or ate of origin for

outgoing documents followed by copies of study.)
B - Cost Estimate Schedule
C - Bibliographic List of Cost Information Sxvey
D - Bibliographic List of Interim Reports, Working Reports and

Ancillary Reports.
E - Cost Estimate Chanqe Detail.
F - Summary Report

(Annotated as to Working Report source for each item of
cost information.)
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V-7, Estimate Documentation and Presentation

Exhibit V-4 presents an outline of the Cost Estimate Working Report. It
is intended that this report be the focal point for any analysis of the cost
estimate, since it should be complete and comprehensive. It is not intended,
however, that ancillary studies be repeated in the working report.

The ancillary reports, like the technical (CER) working report (see Section
IV-4) may be incorporated by reference. This reference should clearly
indicate (by page and paragraph) the significant portions of the incor-
porated report.

V-8 SUMMARY REPORT

The Cost Estimate Summary Report is prepared by the cost estimating team
leader in concert with the team members. It summarizes the cost estimates
presented in the Working Reports for top management consumption, hence,
should be relatively short and to the point.

The report, above all, si~ould cover the significant points of the estimate
including a clear presentation of the results of the sensitivity analysis.
The soft spots in the estimate should be clearly identified as to the reason
for their presence together with their cost implications. Exhibit V-5
presents an outline of the Summary Cost Estimate Report.
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EXHIBIT V-5

SUMMARY COST ESTIMATE REPORT OUTLINE

Cover Page

Name of Study

Prepared for

Prepared by
Participating Organizations

Agproving Authority (Name, rank, and/ar title and signature)

Date of Approval

Contents

Introduction (1 to 3 pages)
Purpose of the Study
Key Ground Rules

Critical Constraints

Key Assumptions

Work Breakdown Structure

Items and Conditions Included

Methodology (1 to 2 pages)

Presentation of Study Results (2 to 4 pages)

Conclusions (1 to 2 pages)

Appendix A: Cost Estimate Change Summary

Appendix B: Study Directives (In bibliographic style)

Appendix C: Working Reports(In bibliographic style)

Note: The page count presented here is for guidance only.
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Chapter VI

ORGANIZATIONAL IMPLICATIONS

The Administrative-Decision Making and Resource Administration Functions,
with some of their attendant organizational implications, were presented in
Chapter II, "Army Materiel Command Estimating Framework." This chapter
presents a discussion of some organizational relationships with higher
military and civilian authority and with the subordinate commands to introduce
the cost analyst and cost estimator to the complex organization within which
the cost analysis function exists. It should be remembered that cost analysis,
as related to the organizational function, includes both cost analysis and cost
estimating processes.

This discussion presumes that the reader has a general anderstanding of the
organization, mission and functions of Headquarters, AMC, such as is
presented in "Organization, Mission, and Function of Headquarters, AMC,"
(Ref. VI-1). It also assumes that the reader has been introduced to organi-
zation theory. Since organizational theory is not a well-defined discipline,
a short discussion of basic theory and terminology, as used herein, is pre-
sented in Appendix D.

VI-1 COST ANALYSIS RESPONSIBILITIES

Cost analysis activities have been established in OSD in the Office of the
Assistant Secretary of Defense (Sy-stems Analysis) and in the Office of the
Comptroller of the Army in O

In accordance with its assigned mission, to "Provide... technical and pro-
fessional guidance required for support of DA materiel..." (Ref. VI-1) AMC
Headquarters is required to respond to an increasing number of requests for
inputs to special studies being performed at the Office of the Chief of Staff,
U.S. Army (OCSA), Office of the Secretary of the Army (OSA), and Office of
the Secretary of Defense (OSD) levels in addition to accomplishing more
special studies at the AMC level.

In responding to this increasing workload the cost analysis function has been
authorized by OSD in the "Army-Wide Cost Analysis I ctivity" Program Change
Decision (Ref. VI-2, see extract in Section 1-2). This decision authorized
the establishment of a focal point for all cost analysis activities in the
Comptroller staff and indicated that resources to accomplish the authorized
effo*t would be provided. Based upon the authority contained in the decision,
a Cost Analysis Branch has been established at AMC Headquarters with the
mission and functions as described in the following proposed change to

AMCR 10-2:
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VI-I, Cost Analysis Responsibilities

SYSTEMS AND COST ANALYSIS DIVISION

"MISSION
a. Perform, direct, supervise, coordinate and evaluate

systems analysis-cost effectiveness studies prepared by or for
AMC on Army materiel systems. Provide the AMC focal point
for such studies and staff supervision of the AMC Army Materiel
Systems Analysis Center (AMSAC) activities.

b. Est lish general policy, direction and guidance
for the systems analysis within AMC and the use of technical
techniques and administration of Systems Analysis/Cost-Effec-
tiveness (SA/CE) studies related thereto.

c. Establish and exercise staff and technical super-
vision over AMC cost anaysis activities to provide over-all
cost analysis for research, development, acquisition and
production, maintenance and logistics and operations of wea-
pon systems/items, activities and forces.

d. Provide the AMC central focal point for cost
analysis activities, studies and submissions; to include
cost estimates, factors and cost data and information,and
the techniques and methods for their establishment and accu-
mulation,as related to the AMC mission.

e. Perform special systems analysis/cost-effect_'e-
ness and cost analysis studies as may be required.

FUNCTIONS
1. SYSTEMS ANALYSIS., BRANCH

2. COST ANALYSIS BRANCI.
a. Perform the HQ,AMC staff supervision function for

Cost Analysis studies and activities within the AMC.

b. Establish, direct and supervise the AMC Cost Ana-
lysis Program and the AMC system for cost collecting, estimating,
tracking, evaluation and reporting to include the development and
use of cost estimating relationships (CER).

c. Establish, direct, and coordinate policies, standards,
methodology, techniques and procedures for the application of
cost analysis in AMC, including its use in planning, programing
and budgeting; inputs to SA/CE and special materiel studies; and
the conduct of specific costing studies and their analysis.
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VI-I , Cost Analysis Responsibilities

d. Establish, monitor and coordinate a centralized,
integrated data system for use at all levels for cost estimating.

e. Prepare and/or review cost estimates dnd cost
studies on resource requirements for military systems materiel
and programs.

f. Provide HQkMC cost analysis on program/budget
estimates prepared for submission to higher authority.

g. Provide cost analysis support for project managers
assigned to and located at HQ,AMC, and to HQ AMC Directors.

h. Perform cost analysis research, and develop cost
analysis methodology and techniquos for standardization and
application within the Army Materiel Command.

i. Monitor and control and assignment of cost ana-
lysis studies and/or input to studies directed by HQ USAMC
and higher authority.

j. Develop and supervise a U.S. Army Materiel
Command Cost Analysis Career Development Program.

k, Maintain liaison with DA, higher authority and
industry on Cost Analysis activities.

1. Develop and maintain a cost data base, including
cost estimating relationships, covering all major systems
managed by AMC.

m. Perform HQAMC staff responsibility and centralized
direction for the DOD/DA Life Cycle Costing Program.

n. Perform special cost studies and cost estimates
as required by higher authority, the Command Group of AMC,
or the internal operations of AMC.

o. Review and evaluate PM 2Ps and CM2 Ps for cost
analysis/cost estimating implications a~d the entry of cost
iniormation contained in PM Ps and CM Ps into the AMC
Cost Data Base.

p. Develop and maintain the C/DP capability, and
represent the C/DP on all matters relating to Cost Analysis
activities within AMC: with other Army commands and agen-
cies; with other military services and government agencies;
and with contractors and private concerns.

q. Prepare and publish the AMC Cost Analysis
Monthly Exchange (CAME).
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VI-I, Cost Analysis Responsibilities

r. Develop cost factors as appropriate, to include
factors and formats for special materiel studies, logistic or
support cost studies, or for contingency or logistics opera-
tions or operational plans.

s. Provide for the evaluation and recommendation
to the C/DP for clearance and release of all cost data for
use in cost analysis or costing studies, in presentations or
official correspondence."

Commodity commands' functions in cost analysis are being established to re-
flect the Cost Analysis Branch, AMC, statement of functions. It is apparent
from a study of the above statements and references that the cost analysis
function has complex organizational ramifications not only laterally, but ver-
tically as well. It is appropriate, therefore, that a brief review be made of
applicable basic management principles and organizational theory which apply
so that the analyst may more fully understand the implications of his work.

VI-2 BASIC ORGANIZATIONAL THEORY

There are three basic organizational forms:

0 Line

* Line & Staff

0 Functional

The following sections address these forms in the context of AMC relationships.

VI-2-a Line and Line & Staff

The relationship between a superior and subordinates over whom the superior
exercises direct control is referred to as "an authority relationship in direct
line," In those cases where AMC's Cost Analysis Branch directs and super-
vises the AMC Cost Analysis Program, a superior/subordinate line relation-
ship exists. For example, the verbs such as direct, assign, establish, and
control as used in functions b,c,d, and i, indicate line authority.

A staff organization seldom exists in a pure sense. Almost all staff groups
have a line responsibility as wel as that of staff (for their own management,
if for no other reason), hence, the clssification "Line & Staff".

In those cases where the Cost Analysis Branch supports another office, it is
in a staff relationship. For example, the verbs prepare, perform, review,
and provide as used in functions e,f,g,h,j,and s, indicate a staff relation-
ship. Thus the Headquarters, AMC Cost Analysis Branch is clearly a "Line
& Staff" organization.
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VI-2, Basic Organizational Theory

VI-2-b Functional

This organization form is a variation of the line and staff form where an
organization receives direction from more than one source either on diffe-
rent functions or on the same function for different purposes. For example,
the Cost Information Report staff responsibility flow depicts the functional
organization. Exhibit VI-1 presents a typical line and staff organization.
The left column presents the offices in the line of command between
Secretary of Defense (OSD) and the Commanding General, AMC (HQ, AMC).
The next three columns present the three key staff offices which are more
significant to the Cost Analysis Function. The titles for these staff lines
are taken from the OSD titles, as organizations which are nearer the
operating levels tend to divide some of these functions into a number of
co-equal organizations to facilitate management.

Overlaid on this matrix is the flow of staff responsibility for the Cost
Information Reports prescribed in Reference VI-3. These reports are pres-
cribed by the Assistant Secretary of Defense, Comptroller in OSD and are
handled by the Financial Manager in OSA and the Comptroller of the Army
at OCSA, but have been placed in the Installations and Logistics Staff at
HQ, AMC for implementation.

It should be emphasized that this is a presentation of staff (or technical
supervision) relationships only. Any matters that are directive in nature
pass through the line organization, tacitly if not actually.

Another form of functional organization which has become increasingly
important, but is not shown in Exhibit VI-' is the Project Managers, chartered
in accordance with AR-70-17, (Ref. VI-4). These organizations hold a posi-
tion somewhat analogous to the line offices in that the Project Manager's
support is drawn from all affected staff organizations and may have special-
ists from each of the staff organizations assigned to the Project Manager's
organization. Since the project offices are line and staff in nature,but do
not fall within the normal staff responsibility flow,they are functional in
nature.

VI-3 AMC STAFF INTERFACES

The staff interfaces which exist for the Cost Analysis Branch at Headquarters,

AMC is indicative of the relationships that can be expected to exist at the
Subordinate Command level. Variations can be expected to exist because
of the local conditions; hence, care must be exercised in drawing specific
analogues =t the subordinate command level.
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OCSA

HQ,AMC
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COMMANDS

VIMPLEMENTATION AMD DATA COLLECTIONj

K~ANALYSIS

0 FULL STAFF RESPONSIBILITY
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VI-3 AMC Staff Interfaces

VI-3-a Cost Analysis

The function of cost analysis exists in some form in almost all staff offices
to accomplish the following:

0 To estimate the requirements for funds to carry out their
assigned missions and tasks.

& To determine the progress in completing the assigned
mission and task.

These tasks are essential to any managerial function and the responsibility
for their performance cannot be delegated.

Parallel to this cost analysis function is that assigned to the AMC Comptrol-
ler/Director of Programs. The Comptroller function has a broader mission
of establishing "... policies, standards, methodology, techniques and pro-
cedures for application of cost analysis in AMC.. ." (function c), "review
and evaluation" (functions o and s) and the "Perform special studies" (func-
tions e, i, and n).

Thus, a delicate interface exists at equal staff levels between the managers
who have the detailed Resource Administration responsibilities and the Cost
Analysis Branch which has the technical responsibility for techniques and
methods, and a strong role in the Administrative-Decision Making area.

VI-3-b Life Cycle Cost

The staff responsibility flow for the two forms of Life Cycle Cost currently
being addressed in the Department of Defense is presented in Exhibit VI-2
These two forms are:

• Equipment - This effort addresses equipment items such as:
- Mli3 El Armored Full-Tracked Personnel Carrier

- Truck (cargo 2- Ton M-35)

- ARC-84 VHF Transceiver

- ARC-52 UHF Transceiver

- Re-usable Metal Containers for Jet Engines

- PRC-25-Man Pack Radio

- VRC-12-Vehicular Radio

- GRC-50-Combat Area Microwave Transmitter/Receiver

- Commercial Engine for the Army 19 Ton Truck
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VI-3, AMC Staff Interfaces

0 Major Systems - This ffort addresses such major systems as:

- Sentinel

- Main Battle Tank (MBT-70)

- Cayuse

- Chinnok

- Iroquois

- Flying Cranes

- Mallard

- SAM-D

The Equipment Life Cycle Cost effort is an Installations and Logistics staff
responsibility above the AMC level. One result of this staff influence is
the emphasis being placed upon use of Life Cycle Cost in contracting and
source selecticf.
The Major Systems Life Cycle Cost effort originates in the Systems Analysis

staff at OSD and is handled in the Comptroller staff within the Army. One
result of this staff responsibility flow is the emphasis being placed upon the
use of Life Cycle Cost in special studies for Administrative-Decision Making.

Both of these efforts are brought together at Headquarters, AMC for develop-
ment and implementation.

This particular staffing pattern places the Cost Analysis Branch in a position
oN oordtnating two efforts which use similar terms but have been defined by
two. different staff organizations.

VI-3-c Commodity Management Master Plans (CM2 P)

Another type of staff responsibility flow, illustrated in Exlibit VI-3 by the
CM P f!=w, is essentiaiiy an up then down flow. The CM P is originated
by the commodity manager in response to requirements established by or
inferred in the JSOP. The CM P follows the Installations and Logistics
staff responsibility flow, with an "...evaluation and recommendation...
for clearance and release.. (function s) being accomplished by the AMC
Cost Analysis Branch.

2A similar flow exists for the Project Management Master Plan (PM P).

On the down flow side, analogous information in the form of Obligatiori
Authority passes through the Office of the Comptroller and Director of
Programs providing an opportunity to match funds requested with the obiiga-
tion authority granted on an AMC-wide basis.
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VI-4 CONCLUSION RELATIVE TO THE COST ANAIYSIS FUNCTION ROLE IN
AMC

The Cost Analysis Branch function statement addresses cost analysis in its
broadest application - the capability to complete definitive cost analyses
and cost estimates in each and every sector of AMC activitv as indicated in
functions c, f, h, and y. This multi-disciplinary capability is demanding
and dJfficult. There does not now exist in the current literature a single
comprehensive work which definitively addresses such a complex subject;
hence, the cost analysis function must develop that literature concurrent
with keeping abreast of its assigned special studies, analyses,and estimates.

The cost analyst/cost ejtimator should be aware of these organizational
implications for the following reasons:

* They will serve to indicate the kind of response to
cost tasks each organizational element is anticipating.

0 They will give an indication of how the cost task
requirements originate and how the results are used.

0 They will indicate sources of data and support.

The organization structure will have an effec' .pon the cost analyses and
estimates performed, particularly as related to the presentation of results
and the review which the results will receive.

Finally, the cost analyst or cost estimator should be aware of the broader
roles of the cost analysis function when conducting an analysis or an
estimate, as there may be many useful outputs of the study *which could
support these roles.
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Appendix A

Learning Curves

Learning curves express the variation in cost over a range of production
quantities. This appeadix presents a brief discussion on learning curves,
indicates where to obtain further information, and presents an example of
the learning curve derivation illustrated in Exhibit 111-7.

The learning curve theory was originally developed by T. P. Wright and
used in estimating the direct-labor cost of aircraft production. The use
of this technique has been extended to costs other than direct labor and
to other products.

In analyzing factors that affect the cost of airframes, T. P. Wright was
the first to formulate into mathematical theory the principle of decreasing
direct-labor cost as the number of units produced is increased. Wright
described the relationship between average cost and cumulative number
of units produced as follows:

C Kv2 Xk

Where:

C = Cumulative average cost
X = Production unit

Kv2 = Cost at reference unit (Unit one)

k = Learning curve slope factor

Essentially this formula states that as the quantity doubles,the average
cost decreases by a given percent (referred to as the slope of the learn-
ing curve). The learning curve slope factor is always a negative expo-
ent as shown below for representative slopes:

Learning Curve Slope Factors

Slope Factor
65% -. 62150
70 -. 51457
75 -. 41504
80 -. 32193
85 -.23446
90 -. 15201
95 -. 07401
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J. R. Crawford later defined a learning curve in terms of the unit cost
versus the production unit. The equation proposed by Crawford is as
follows:

C = Kv2
v2

Where:
C = Unit cost of production unit X.
X = Production unit.

Kv2 = Cost at reference unit (Unit one).

k = Learning curve slope factor.

This is the rr-)st commonly used learning curve and is sometimes referred
to as the Modified-Wright learning curve. Tables of this learning curve
for 67% to 99% slopes are presented in The Experience Curve Tables, Vol-
umes I and II (Reference A-I).

Another analysis of the learning curve function was developed by the Stan-
ford Research Institute. Stanford described the relationship between the
unit cost and cumulative units as follows:

C= Kv2 (X+B) .

Where:
C Unit cost of production unit X.
X = Production unit.

Kv2 =Cost at reference unit (Unit one).

B = Learning curve shape factor.

The parameter B has no specific meaning but it determines the shape of
the learning curve and has been related to variables such as time requir-
ed to attain a peak delivery rate.

Exhibit A-2 shows graphic presentations of the three types of learning
curves mentioned. It is seen that Wright defines the learning curve in
terms of the cumulative average curve being linear on logarithmic grids,
whereas Crawford defines the learning curve in terms of the unit curve
being linear on logarithmic grids. The asymptote of the Stanford pro-
gress curve is a 70.7% Modified-Wright learning curve and the shape
of the Stanford curve would vary with the value of B.

It should be noted that the essential difference between these curve
theories deals with the shape of the curve in the early production of
quantities.
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The example presented in Exnibit 11-7 illustrates the derivation of a
Modified-Wright learning curve using lot data. When using lot data
in the calculation of the learning curve, the entire lot is represented
as one unit entry. The unit chosen to represent the lot is the unit
which has a cost equal to the average unit cost of the lot. Tables for
Approximation of Mid-Points for Exponential Regression (TAMPER)
(Reference II-.9) refers to this unit as the algebraic lot mid-point and
presents tables for obtaining it as a function of lot size, first unit in
lot, and learning curve slope.

In the example, the units in each lot and the average cost per unit for
each lot were reported data. Judgment was used to determine approx-
imately what the learning curve slope should be. Iterative approxi-
mations were made for the learning curve slope, and the TAMPER tables
were used to obtain the algebraic lct midpoints for each slope. The
average cost for each lot was plotted at these midpoints on log-log
paper. Log-linear curves were fitted to these plots using the regres-
sion analysis technique presented in Appendix B for the respective
slopes, and the learning curve that gave the best fit was used to obtain the
cost of the reference unit. The learning curve derived in the ex-
ample has an 87% slope. On Exhibit 111-7 it is seen that the reference
unit cost (the equivalent cost at unit one) is $2,300.

The last four lots give a relatively good fit to the learning curve while
the average cost for the first lot the unit cost of the algebraic midpoint)
is $2,700 above the cost on the learning curve at the algebraic midpoint.
This indicates that the first lot data includes some non-variable costs
and that the average non-variable cost per unit in this lot is $2,700.
This yields a total non-variable cost of $.54,000 (20 units x $2,700).

For an introduction to learning curves including history, theory, and
application, the reader is referred to I.lpha & Omega and the Experience
Curve (Referei,.,e A- and to Cost-Quantity Relationships in The Air-
craft Industry (Reference A-3).
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Appendix B

DerivatiLn of Cost EE timatirg Relaionships

A cost estimating relationship is an expression which relates the cost of
an item at some specific quantity to that item's product characteristics.
This appendix serves to describe the steps in the derivation of a CER that
follow after the cost data have been reduced to reference cost. (Knv, Kv1 ,
Kv2 , and K)*. Referring to the typical CER derivation flow presented in
Exhibit I-5, the subject examined here is the last step shown in that ex-
hibit. The statistical method for derivation of CERs (introduced in Chapter
III) is discussed and details of the derivation of the CER shown in Exhibit
111-8 are presented.

When the cost data have been reduced to the reference costs, the next step
in the analysis is the selection of the product characteristics to use in the
CERs. This step requires that the cost analyst have a firm knowledge of the
product and the importance of the product characteristics, since determina-
tion of the relative affect of each product characteristic on the product cost
demands expert judgment.

The most obvious consideration in selecting product characteristics is the
sensitivity of cost to changes in the values of the various characteristics.
Other considerations may be expressed by the following questions:

* Does the purpose for which estimates are to be used indicate
any characteristics which should receive special emphasis?

* Can values of the characteristics be obtained for the item to
be estimated? (This is of primary ccncern in estimates to be
made early in the development cycle.)

0 Are there state-of-the-art changes in the item to be estimated
that will cause the relationship between characteristic and
cost to be different tiian in the past? (For instance, the re-
lationship between weight and cost for electronics equipment
changed considerably when transistors replaced tubes.)

In evaluating the product characteristics, the sensitivity of cost to individ-
ual characteristics is generally observed first in ordei to determine trends.
After the trends are determined, relationships between cost and combinations
of characteristics are observed. Multi-variable relationships of different
orders (characteristics squared, cubed, etc.) and forms (exponential, log-
arithmic, etc.) might be constructed with an individual coefficient for each

*Note: Knv , Kv Kv2 , and K, are described in Section I-2-e, Construction
of a Cost Estimating Relationship.
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characteristic tt.a . is used as an independent variable, or the characteristics
may be combined into an index such as ,ensity in E :hibit 111-8. Although
density is a commonly used term, it is rit necessary that t1-e index have such
significant meaning; rather, it can be any combinat.vn of characteristics.

Airframe CERs have been develu-d considering such product characteristics
as: I Gross take-eof ,-eight (including eugires, rvionlcs, fuel, and

payload).

0 Weight empty (payload and fuel ncc included).

0 Airframe -ieight (as defined in page 45 of Reference 1I--7).

0 Volume (using the external envelope of the aircraft).
& peed:

0 Sped:Maximum at sea level

Maximum at optimum altitude
Cruise

0 Wing Loading

* Maximum range or radius
0 Altitude:

Maximum
t Cruising

In evaluating the sensitivity of cost to individual characteristics, graphs of
the reference cost versus each of the pioduct characteristics would be plotted
as follows:

COST COST

CRUIE SPEED MAX SPEED Q ALTITUDE

After observing the cost variation with individual characteristics, logical
combinations of characteristics will be selected and the variation of cost
with these combinations observed. By combining the characteristics into
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a single index (such as the ratio of weight to volume used in Exhibit 111-8),
a graph can be plotted showing cost vsthe index.

The final step in developing CERs is to define curves fitted to the plots of
scatter points. The initial fits are normally made graphically with the final
fit being made mathematically. Pegression analysis is a common method for
mathematJcally fitting a curve to the data.

To introduce regressi:,. analysis. consider the case of two vdriables such
as those used in Exhibit 111-8. If we plot the values of the cost variable
(X versus the values of the product characteristic variable (Y), we will
have a presentation of the sample information in the form of a scatter-
diagram. This scatter of points should indicate the form of the regression
equation thaL should be developed to express the relationship between X
and Y.

The most common statistical method used to determine regression curves
is that of lea- squares. The property of a least-squares regression line
is that the sum of the squares of thz deviations around it is less than the
sum of the squared deviations around any other line through the scatter of
points.

In Exhibit 111-8, the method of least squares is used to develop a linear
regression line for estimating X (cost per puund at the referenced unit)
when Y (density) is known. Thus, the equation for the line will be of the
form X= a + bY where a is the X intercept and b is the slope of the line.
To meet the properties of a least squares line, the following equations
can be derived for obtaining the values of the constants a and b:

X&YY -
b nb y2 .. (E Y ) 2

n

and 1
n

where n = the number of aircraft in the sample. Derivations of relation-
ships from which these equations were derived are presented in Engineering
Statistics (Reference B-i).

Using these equations the values for the line in Exhibit 111-8 are:

a = 120.211

b = 29.011
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Considering the index (density) as a multiple statement (W " V), this equa-
tion could be considered as a multiple linear regression line. However,
when the characteristics are used as two separate independent variables,
the multiple non-linear equation in Section III-6-a is obtained.

Discussions and examples of the use of and problems encountered in use
of statistical analysis for deriving and evaluating CERs are presented in
Reference B-2 through B-5.

I
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Appendix C

EXTRACT FROM INTERIM REPORT

This appendix presents a documenting of the results of a cost estimator's
initial evaluation in a cost estimating task. It includes his opinion on:

* The availability of CERs.
* The data available.
* The implications of this lack of data.

This evaluation was extracted from an interim report prepared for the
Comptroller of the Army.
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Extract from Chapter 3
"Cost Analysis of the Main Battle Tank, MBT-70 (U)"

Prepared for the Comptroller of the Army by
Resource Management Corporation, Incorporated

METHODOLOGY

The basic methodology proposed for this study was the application of mul-
tiple regression analysis to historical cost and technical data on tanks and
related tracked vehicles and vehicle components, with engineering and
analog analysis to supplement and complement the statistical analysis.
Because of problems in the data base, however, the latter approach has
been used extensively. Regression analysis has not proved useful.

The chapter is divided into two major sections: the first discusses the
data base, and the second discusses the general method of analysis and
the work breakdown structure used in analyzing the tank cost.

DEVELOPMENT OF A DATA BASE

For the most part, no readily available data base existed at the inception
of the research effort. It was necessary, therefore, to develop one. How-
ever, several problems in the collection of data and the nature of the data
collected are significant, since they impose limitations on the extent to
which statistical analysis can usefully be performed and on the kinds of
conclusions that can be drawn. The most significant of these problems
are discussed in the paragraphs below.

There is no large body of tank data available because, strictly speaking,
very few tanks have been developed. The inventory of heavy tanks includes
only the M48 and M60 series; the M60 tanks are evolutionary versions of
the much older M48, so actually only one heavy tank, in many versions, is
available for analysis. However, this series of tanks can be considered as
only one point in the statistical sample. Data on the Sheridan M551 light
tank, which is much smaller than the MBT-70 and is made of aluminum, are
available, as are some data on the M41 and the M47 tanks. Unfortunately
the M47 data lack sufficient detail to be of real value. These data--all
that are available to the analysis--are hardly enough for a statistical anal-
ysis. Several tracked vehicles (the M109, M113, and M114) have been
developed and, although these are not tanks, they do permit some enlarge-
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ment of the data base. Nevertheless, available data are insufficient to
permit multiple regression analysis of whole vehicles. 1

Cost and technical data on major vehicle components are limited and some
of them are not too useful as a base for extrapolation to the MBT-70. The
data on tank component costs are limited primarily because the vehicles
have been bought on fixed-price contracts, which have no requirement
for the contractors to provide the Army with detailed manufacturing costs
by component. Some of the historical data are not relevant as a base
from which to predict MBT-70 component costs; for example, all pre-
decessor tanks have been equipped with torsion bar suspension systems,
whereas the MBT-70 is to have a new suspension system based on a
different concept. Detailed cost or technical information on the older
systems is therefore of little real value.

Some cost data available to the analysis are of dubious quality. The quality
of some data for cost analysis purposes has been degraded by the inclusion
of irrelevant costs. An instance of this is the impact on cost of mobilization
base requirements: At the beginning of the Korean conflict, the Army paid
for the establishment of several production facilities to meet war needs for
tanks and vehicles.

Unfortunately, some of the initial mobilization costs are reflected in the
unit costs of vehicles produced during the war years. Some postwar unit
costs may also be distorted by costs relating to sustaining the mobiliza-
tion base. Another impact on costs attributable to the Korean War occurs
because the emphasis during the war was on producing as many tanks as
possible, whereas after the war, there was an increase in competition
for tank contracts. Such changes in the market Situation would normally
result in lower costs (to the customer), and this factor is apparent in
the data collected for this study.

Another obstruction to full use of the cost data concerns the identification (
of research and development ,.osts and other nonrecurring costs. The na-
ture of the fixed-price contracts under which most vehicles have been
procured is such that many R&D and other nonrecurring costs are included
in unit production prices. Unfortunately, detailed manufacturing cost

1. Regression analysis would have to be performed with costs as the depen-
dent variable and physical or performance characteristics as the independent
variables. To explain costs adequately, a quantity of independent variables
sufficient to identify mobility, protection, fire-control capability and accu-
racy, and armament characteristics would be required. The number of such
variables would undoubtedly exceed the limited number of vehicles on which
data are available.
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data are not available, so a reliable identification of the nonrecurring cost
is not possible. A factor further aggravating the situation is that much of
tank manufacturing is accomplished by subcontractors; the details of true
costs are thus further obscured.

A further problem relates to the sensitivity of costs to production rate. It
appears that the industry has a relatively large fixed overhead, which is
amortized over the quantity of vehicles produced. Variations in the quantity
may result in a considerable variation in component and aggregate unit costs.

Data Sources

Data were collected from several sources to permit the required analysis. A
list of references included at the end of this report cites specific documents
and reports. In summary, data have been collected from the following types
of sources:

(1) pricing studies
(2) ATAC pricing and negotiation forms
(3) audit reports
(4) technical specifications
(5) technical information reports
(6) study reports from the Research Analysis Corporation
(7) "Program Manager's Master Plans"
(8) "Army Materiel Plans"
(9) contract summary questionaires and proposals

The nature of the data collected so far can be summarized as follows:

Cost Data

(1) Basic price data, by contract, for contractor-furnished equip-
ment for vehicles procured since -1950 for M60 series, M48
series, M47 series, M41 series, M103, M109, M113, M114,
and Sheridan M551. (Some gaps xist in the data for some
vehicles).

(2) For some contracts in some years, detailed data on M60 series,
M48 series, and M41 series tanks. The detail includes labor,
material (including subcontracts), overhead, G&A, and profit
for the overall vehicle. In some instances material costs can
be matched with major components.

(3) Some component cost data for GFE items, particularly engines,
transmission, armament, and selected fire-control items.

(4) Some cost data on analogous devices in non-Army equipment
(for example, Navy gun loaders and submarine periscope com-
ponents).
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(5) Some material cost data from primary metal suppliers.

Technical Data

(1) Some physical and performance characteristics on the vehicles
mentioned above.

(2) Physical and performance characteristics on many major com-
ponents of vehicles.

METHOD OF ANALYSIS

Although statistical regression analysis was to have been the major technique
employed in the study, it is apparent that data problems preclude this method.
Some regression analysis may eventually prove fruitful for engine and trans-
mission costs, but it has not yet been attempted because of time limitations.
The development of the cost estimates must therefore rely heavily on an
engineering and analog approach. This method is commonly used to estimate
costs for items in production as well as for items that are only in a develop-
mental state.

The essence of the engineering and analog approach is rather simple. The
cost-significant character'stics of the device being estimated--that is, the
characteristics which, when changed, are known from judgment or experience
to produce a change in cost--are identified. Devices similar to the one being
estimated are then identified as analogs. The major cost-significant charac-
teristics and costs of these analogs are then plotted and trends noted. With
a knowledge of trends and the given characteristics of the new device, judg-
ment is then applied to obtain an estimate for the new device. 1 The entire
process is, of course, replete with judgment and lacks the analytical sophis-
tication of regression analysis. It follows that it is more difficult to assess
adequately the confidence that can be placed in the resultant estimates. (
In many instances it was not possible to obtain sufficient quantities of data
to permit any kind of analytical treatment of cost trends or even qualitative
assessment of the relationship between cost and physical and performance
characteristics. This was true particularly in the area of fire-control com-
ponents. In these cases, when it was necessary to rely heavily on judgment,

1. The amount of Judgment required depends on how well trends are defined,
whether or not there are conflicting trends when other variables are examined,
and what weight one assigns to the impact of a particular variable in relation
to other cost-significant variables.
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attempts were made to obtain expert judgment from technicians in government
laboratories or from contractors to the government.

The application of the engineering and analog technique relies heavily on an
adequate technical definition of the device which is to be estimated. The
MBT-70 is, in general, adequately defined, with the exception of the hull
and turret. At this time neither the hull and turret materials nor the method
of fabrication have been selected. For this reason several alternative
assumptions were made, and estimates were prepared for several hypothetical
tank designs. These assumptions are documented in the next chapter.
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Appendix D

BASIC ORGANIZATION THEORY

Three main structural types may be taken as representing the forms taken
by nearly all organizations. They are: line; line and staff; and functional.
The line type of organization Is the oldest and simplest form which is also
referred to as being "scalar," "hierarchical," or "traditional." Its primary
characteristic is the ordering of the organizational elements more In
terms of relative authority and responsibility and less in terms of functions
performed. Thus, a direct chain of command links the top-most level to
the successively lower levels .

The line type of organization may be effectively used in relatively small
organizations. As organizations enlarge, increasing demands are placed
on the executives for managerial and technical know-how and for perform-
ing more detailed, specialized, and complex administrative tasks. At the
point where the executive can no longer be effective without substantial
specialized assistance, the line and staff organization form becomes
advisable. In this form function receives greater stress. Specialized
groups reporting to the executive provide advice and services not only
to the executive but on his behalf to the subordinate line elements as

well. Thus, subordinate elements in the line have more than direct,
primary supervision over them; they now have secondary sources of
direction and assistance .....

As has been indicated, staff elements in a line and staff organization
perform in different kinds of roles. There is first the advisory and
coordinating role in-which the staff elements are essentially extensions
of the executive himself carrying on for the executive those functions
which he would do himself if he had the time. They help plan, develop f)
directives, or coordinate actions of subordinates, all in the name of the
executive's authority. Another role of a staff group is the provision of
technical expertise. An operations research group might be considered
as technical staff for the executive....

Problems arise in the line and staff type of organization from the possible
division of sources of authority. Staff groups are sometimes prone to step
into the position of directing the lower line elements without following down
the full chain of command. Confusion then arises as to whose direction
to follow.
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The resolution of such conflicts is the subject of much organizational
bickering. Some business organizations have been known to be uncertain
whether a given function is truly staff or line or even whether this dis-
tinction is realistic. The point at issue is whether certain functions
traditionally thought to be staff are too crucial to line operations to be
so considered any longer. Engineering, purchasing, and finance staff
groups, for example, are sometimes spoken of as bearing heavily on line
activities and therefore should be in the line. The tendency appears to
be in the direction of placinag such elements in the line rather than the
staff.

The functional organization tries to answer the question: How can any
one supervisor direct tasks which are within many different specialized
fields? The solution, originally offered by Frederick W. Taylor, is the
functional arrangement, whereby a series of supervisors is provided for
any one worker, each supervisor responsible for a single leading function.
The most clearly suitable circumstance for such an organizational pattern
exists when a workman performs different tasks at different times, the
work period for each task being unquestionably distinct. He then shifts
from supervisor to supervisor for each job....

.... Part or all of the subordinates may at one time work for one of the
supervisors and at other times work for the other supervisor. Thus, the
varied specialized contributions offered in a secondary fashion by the
staff in a line end staff organization are directly furnished through the
supervisory line in a functional organization.

The problems of thir arrangement are obvious. Unity of command is not
clearly enforced, and there may be placed upon the lowest levels of the
organization the undesirable burden of deciding who the boss is at any
given time. While a completely functional organization cannot be expected
to succeed, various mixtures with line and staff organizational principles
can in many instances prove to be valuable in management. The flexibility
and efficiency which functional supervision allows can be built into a
strong line and staff structure with its advantage of unity of command.

Extraicted from:

Industrial College of the Armed Forces,
National Security Management - Management:
Concepts and Practice. Edited by Fred F. Brown,
1967. Part I, Chapter II, "Organization and
Management," pages 24-27.
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Appendix E

GLOSSARY

The definitions presented in this Glossary have been accumulated from diverse
sources. Each definition is referenced to its source using the following
notations:

AD - Headquarters, Department of the Army. Dictionary of
United States Army Terms. Army Regulation 320-5
April 1965

AMC/H- This Handbook

AMC/R- U.S. Army Materiel Command. Resource Management-
Cost Analysis Principles and Responsibilities, AMC
Regulation 11-31, Volume I. 29 March 1967

ASPR- Department of Defense. Armed Services Procurement
Regulations.

DOD/I- Department of Defense. Glossary of Terms Used in the
Areas of Financial, Supply and Installation Management.
DOD Instruction 5000.8. June 15, 1961.

WEBSTER- G. & C. Merriam Co. Webster's Seventh Collegiate Dic-
tionary 1967
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Glossary (Oont'd)

CONDITIONED ESTIMATE - An adjustment of the technical estimate to allow
for product improvement, technical difficulties, technical estimating
accuracy, etc. (AMC/H)

COST ANALYSIS - 1. The process of review and evaluation of cost data and
the reduction of complex cost data into simpler and more basic expres-
sions which may be used for purposes of comparison, validation, or
estimation. (AMC/H) 2. Cost analysis is the review and evaluation
of a contractor's cost or pricing data to the estimated costs, in
order to form an opinion on the degree to which the contractor's
proposed costs represent what performance of the contract should
cost, assuming reasonable economy and efficiency. (ASPR)

COST ESTIMATE - A btatement of the approximate cost to be incurred in the
conduct of an activity such as a project, contract, period of time,
etc. (AMC/H)

COST, ESTIMATED - 1. A calculated amount, as distinquished from an
actual outlay, based upon related cost experience, prevailing
wages and prices, or anticipated future conditions, usually for
the purposes of contract negotiation, budgetary or cost control,
or reimbursement. May relate to a materiel item, project, job,
contract, or function, or part thereof. 2. The amount stated in
a cost-type contract as the estimated cost thereof. (DoD/I)

COST ESTIMATING - The process of producing a statement of the appro-
ximate cost to be incurred in the conduct of an activity such as
a project contract, period of time, etc. (AMC/H)

COST ESTIMATING RELATIONSHIP - A cost estimating relationship estimated
on the basis of a certain variable or set of variables. The relation-
ship is derived by analyzing historical data on different systems to
obtain a functional relationship between several system character-
istics. The variable to be estimated will be called the dependent
variable and the variables to which the dependent variable is related
by the CER will be called the independent variables. A CER in which
the cost is directly proportional to a single independent variable is
called a cost factor. (AMC/R)

COST TRACKING - Generally, a process which collects and evaluates data
in determining the reasons for variances between successive cost
estimates or between planned versus actual costs. (AMC/R)
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Glossary (Cont'd)

COST INFORMATION - Any intelligence which reflects or affects (1) the mag-
nitude of an expenditure of resources or (2) the credibility of a source
document containing such intelligence. (AMC/H)

DEFINITIVE SPECIAL STUDY - An analysis which utilizes firm-priced bids,
engineering drawings, spare parts lists and estimates on all support-
ing services and equipment. These are the detailed estimates upon
which the final comparison and decisions can be made and at which
comparability and compatibility between cost estimates and actual
performance can be established with a high level of confidence.
(AMC/H)

DISBURSEMENTS, CASH - 1. With respect to fund reporting, the amount of
"expenditure" checks issued and cash payments made, net of refunds
received. Excludes "non-expenditure" checks, but includes all ad-
vances. 2. All payments. (D

GROSS PARAMETRIC SPECIAL STUDY- An analysis which utilizes gross para-
metric cost engineering inputs based on preliminary engineering cal-
culations, sketches, and diagrams. Typically, these will consider
broad concepts of power, output, subsystem weights, volumes and
associated performance constraints. Gross parametric analysis is
useful, generally, only for order of magnitude estimates and initial
cost analyses, particularly those made for the purpose of feasibility
and long range force studies. (AMC/H)

INTELLIGENCE - The product resulting from the collection, evaluation, ana-
lysis, integration and interpretation of all available information
which is immediately or potentially significant. (AD)

LEARNING CURVE - A graphic or mathematical technique (usually log-linear)
which describes the rate of change in recourse expenditure (on a
unit or cumulative average basis) as a function of number of units.
(AMC/H)

METHODOLOGY - I. A body of methods, rules,and postulates employed by
a discipline. 2. A particular procedure or set of procedures. 3.
Analysis of principles of inquiry in a particular field. (Webster)

NON-RECURRING COSTS - Costs incurred for efforts of a one-time nature re-
quired to establish the configuration (s) or the facilities and capa-
bilities required to produce the operationally useful items. (AMC/H)
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Glossary (Cont'd)

ON EQUIPMENT MATERIEL - Items of supply which, although not part of the
equipment proper, are issued with and accompany equipment. They
are required for equipment first echelon maintenance, operation,
armament, fire protection, communications, etc., and to complete
the major end item for issue to users. Examples: gun mounts, guns,
radios, flashlights, fire extinquishers, sighting and fire control
equipment, specified equipment (spare) parts, and tools for mainte-
nance of the equipment. (AD)

PRICE ANALYSIS - Price analysis is the process of examining and evaluating
a prospective price without evaluation of the separate cost elements
and proposed profit of the individual prospective supplier whose
price is being evaluated. (ASPR)

PROCEDURE - 1. The means or methods by which action shall be taken
consistent with applicable "principles". 2. A means of implemen-
ting "policy" (DoD/I)

RECLAMA - A request to duly constituted authority to reconsider its decision
or its proposed action. (AD)

RECURRING COSTS - Costs associated with the repetitive functions performed
to produce an operationlly useful iLemn. tAMC/H)

SEMI-DEFINITIVE SPECIAL STUDY - The precision of analysis that utilizes
preliminary estimates, engineering data and cost data on Govern-
ment Furnished Equipment of configuration elements within the system
or item being costed. Examples of such configuration elements would
be electric power generation plant, lighting system, heating system
and preliminary spare part requirements. Semi-definitive analysis
leads to a reasonably accurate estimate, but lacks the precision to
give estimates upon which contracts can be written. (AMC/H)

SYSTEM - An integrated relationship of components aligned to establish
proper functional continuity towards the successful performance
of a defined task or tasks. (AD)

TECHNICAL ESTIMATE - Estimate of a precisely described task. This estimate
includes provisions for economic escalation, where applicable, and is
normally used for contractual purposes. (AMC/H)
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Appendix F

ABBREVIATIONS

AMC - Army Materiel Command HQ,AMC - Headquarters, ArmyAMCR - Army Materiel Command Materiel Command
Regulation IFB - Invitation For BidAMSAC - Army Materiel System IPR - In-Process Review
Analysis Center IRS - Internal RevenueASPR - Armed Services Procu- Service
rement Regulation JSOP - Joint Strategic Objec-ATAC - U.S. Army Tank-Auto- tives Planmotive Command MBT-70 - Main Battle Tank-70AVCOM - U.S. Army Aviation MECOM - U.S. Army MobilityMateriel Command Equipment CommandBY - Budget Year MICOM - U.S. Army MissileCAME - Cost Analysis Monthly CommandExchange MIRR - Material InspectionC/DP - Comptroller/Director 

& Receiving Reportof Programs MPA - Military Personnel,CER - Cost Estimating Rela- Armytionship MUCOM - U.S. Army MunitionsCGAMC - Commanding General, CommandArmy Materiel OCSA - Office of the ChiefCommand 
of Staff, ArmyCIR - Cost Information Report OMA - Operation & Mainte-CM 2 P - Commodity Management nance, Army

Master Plan OSA - Office of the Secre-CPFF - Cost Plus Fixed Fee tary of the ArmyCY - Current Year OSD - Office of the Secre-DA - Department of the Army tary of Defense
DCAA - Defense Contract Audit PCR - Program ChangeAgency 

RequestDCAS - Defense Contract Admi- PEMA - Procurement of Equip-nistration Service 
ment and Missiles,DoD - Department of Defense ArmyECOM - U.S. Army Electronics PEMARS - Procurement of Equip-Command 
ment and Missiles,FFP - Firm Fixed Price mn n islsFPI - Fixed Price Incentive Army ManagementF - Fixedc e I e Accounting & Report-FY - Fiscal Year 
ing SystemFYDP - Five Year Defense PERT - Program Evaluation &Program 
Review TechniqueHEAT - High Explosive Anti- PM P - Project Management

Tank 
Master Plan
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POL - Petroleum, Oils, &

Lubricants
PY - Prior Year
QMDO - Qualitative Materiel

Development
Objective

QMR - Qualitative Materiel
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